Collective Interpretation of Seismic Reflection, Gravity, Magnetic, and Resistivity Data in the Salalah Plain, Oman, for Hydrogeologic Purposes by Bin Salim Ba-Awain, Slyam Bin Saeed
United Arab Emirates University
Scholarworks@UAEU
Theses Electronic Theses and Dissertations
6-1994
Collective Interpretation of Seismic Reflection,
Gravity, Magnetic, and Resistivity Data in the
Salalah Plain, Oman, for Hydrogeologic Purposes
Slyam Bin Saeed Bin Salim Ba-Awain
Follow this and additional works at: https://scholarworks.uaeu.ac.ae/all_theses
Part of the Environmental Sciences Commons
This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Scholarworks@UAEU. It has been accepted for
inclusion in Theses by an authorized administrator of Scholarworks@UAEU. For more information, please contact fadl.musa@uaeu.ac.ae.
Recommended Citation
Bin Salim Ba-Awain, Slyam Bin Saeed, "Collective Interpretation of Seismic Reflection, Gravity, Magnetic, and Resistivity Data in the
Salalah Plain, Oman, for Hydrogeologic Purposes" (1994). Theses. 593.
https://scholarworks.uaeu.ac.ae/all_theses/593
; 
COLLECTIVE INTERPRETATION OF SEISMIC REFLECTION, 
GRAVITY, MAGNETIC, AND RESISTIVITY DATA IN THE 
SALALAH PLAIN, OMAN, FOR HYDROGEOLOGIC PURPOSES. 
BY 
SLYAM BIN SAEED BIN SALIM BA-AWAIN 
A thesis submitted to the Faculty of Science 
of the United Arab Fmirates University 
In partial fuJfillment of the requiremenLs 
for the Degree of Master of Science 
In 
Environmental Science 
Faculty of Science 
U.A.E. University 
June, 1994 

'I be The i of Slyem Saecd Salim Ba-waiu for the deg,>ee of master 
in Environmental Science i approved. 
��cL� kL� � f{ /91i.[ 
Chair of Committee, Prof. l\Iohamed I\Iamclouh Khattab 
_ _  ---_· _-t_�_\_, _� __ �_cJ2--=-_ � __ , --!-�--t-- LQ.-,; 'T/ l qO\� 
E,aminil1g Committee I\Iember, Prof. l\Iohall1cd Fathy Hamoda 
!� -JH'� I, jff{/ 
i t/ 
Ex.am iJling COlllmittee 1\1 em bel', Dr. .r� lohamcd U baid Qubati 
Dean of the r c, Prof. Salah Amin Elnahwy 
United Arab Emirate University 
June, 1994 
ABSTRACT 
An i nt e rp re t i ve geophys i ca l  s t udy i n  the g rowi ng 
S a l a l ah P l a i n, D h o fa r Gove rna te ,  S ul t a na te o f  O ma n ,  w a s  made 
d uri ng 1993 a nd pa rt of 1994. 
T h l S  i nve s t l ga t i o n  s te ms f ro m  the ne ed to deve l op the 
a nd the o nl y  w a t e r  re s o urce i n  th i s  reg l o n .  I t  i s  a i med 
t o  ma k e  us e of t h e  co mbined g e o phys i ca l  t oo l s  ( s e i s mi c  
rfl e ct l o n, g ravi ty , ma g ne t l cs a nd re s l s t i v i ty)  a nd ava i l a bl e  
s urfa ce a nd b o reho l e  da ta to a s s es s  th e e nv l ro nme nt a l  l mpact 
o f  the geoph ys i ca l  re s ul t s .  
S eve ra l  s e l s ml c  re f l e ct io n l ines we re p i ck e d  a nd 
i nt e rp re te d i  o n e  o n  a h o ri z o n  n e a r  t h e  Taqah l i me s to n e  ( ma i n  
a q ui f e r) ,a nd the o th e r  o n  a h o ri z o n  
C e no z o i c b o unda ry .  
Us i ng appropri a t e  a l gori th ms , 
nea r  the Me s o z o i c-
the 0.5 mGa l B o ug ue r  
a no ma l y  g ravi ty map , a nd the 10 nT ( ga mma ) t o t a l  mag n e t i c  
i nt e s i ty maps o f  t h e  S a l a l a h P l a i n  we re p ro ce s s e d. A 
l ea s t - s eq ua re s  p o l yn o ml a l  fi t t i n g p ro g ra m  wa s us ed to re move 
t h e  l nt e ns i ve g ravi ty re g io n a l .  A s ubs urfa ce g eo l o gl c 
mode l  b a s e d  o n  o bs e rved g ravi ty a nd ma g ne t ic d a ta wa s 
ca l cul a te d  down to the co n t in e n t a l  b a s e me nt . 
II 
Seve ra l  g ravi ty a nd mag ne t �c pr· fi l e s  w e re co ns t ructed 
to eva l ua te t h e  s ed i me nto l og i ca l  a nd s t ruct ura l s e t up o f  
t h e  nea r  s urfa ce s e ct i o n .  The s urf ace a nd bo reho l e  
re s i s t l vi ty mea s ureme nt s we re JOl nt l y  i nt e rp re ted wi th 
s e i s ml c, g ra vi ty, mag ne t l c a nd boreh o l e  da ta . 
The t i me map a t  the Sa l a l a h  a q ui fe r  co nf i rmed the 
e l o nga t e  t ro ugh a l re a dy p ro duci ng po��bl e w a t e r  a nd revea l ed 
a n  addl t i o na l  t ro u�h, i n  the e a s t e rn Sa l a l ah P l a l n  ( s o uth o f  
Wa dl Sa ha l no ut )  o f  pro spe ct l ve g ro und wa t e r  re s e rvo i r .  I n  
add�t l o n, t h e  t i me maps o n  bo th s h a l l ow a nd deep l eve l s  
s howed f e w  no rma l f a ul t s a f fe ct l ng the a q ui fe r .  
G ravi ty a nd ma g nt ti c . maps s h o wed a ma Jo r  b a s e me nt 
de pre s s i o n  o f  E -W a X 1 S wl th g rad�e nt s  probably re l a ted 
to no rma l f a ul t i ng a s s o cl a ted w lth the epo ch of G ul f 
o f  Ade n e x t e ns l o n d uri ng the O l i g o ce ne a nd Mi o ce ne . 
ma g ne t i c da ta l nd i ca te a t-�ode il l ng o f  g ravi ty a nd 
h e t e ro g e no us co nt l ne nta l ba s e me nt ove l a i n  by mo re th a n  5 .0 
k m  o f  Me s o z o i c ,  Ce nOZOl C a nd yo unge r  a l l uvi a l  s ed l me nt s . 
A re s i d ua l  g ravi ty map s ugge s t s a s h a l l ow a nd 
s l g ni f l ca nt up wa rp nea r  the ma l n  a qui f e r .  Ma g ne t l c  p ro f i l e s 
s howed s ha l l ow 1 9neo us bod l e s .  Bo th s e i s mi c  a nd po t e nt i a l  
f l e l d  da ta s ugge s t  the e x i s te nce o f  no rma l f a ul t i ng wh i ch 
III 
l S  s i gn i f l ca n t  I n  co n tro l l i n g th e s ubs urfa ce f l ow o f  
g ro und wa te r  f ro m  wa s ti n g i n to th e Ara bi a n  S e a . 
T h e  s e i s ml c-i n f e rred aXl S o f  th e ma l n  a q ui fe r ,  i n  
th e S a l a l ah P l a i n ,  i s  k nown to po s s e s  s a mpl ed mi n i mum 
s a l i n i ty. 
ro ugh l y  
T h e  f l a n k s  o f  th e de l l n ea ted s e l sml C tro ugh 
ma rk th e bra ck i s h - po ta bl e  wa te r bo unda ry . S i n g l e  
po i n t  bo reh o l e  re s l s tl vi ty me a s ure me nts a re f o und to 
co rre l a te l n ve rs e l y wi th s e i s mi C - l n fe rred d e pth to th e 
a q ul fe r I n  th a t  th e hi ghes t re s i s ti vi ty va lue s l i e n e a r  
the a X 1 S o f  th e d e pre s s io n . Th l s  s h o uld a d d  i mpo rta n ce 
to tne e a s te rl y -l o ca ted s e l s ml C  tro ugh .  
T h e  d e l l n e a ti o n o f  addi ti o n a l  d e pre s s i o n  a nd th e 
i n di ca ti o n  o f  s tructura l co n tro l o f  th i s  i mpo rta n t  a rea 
th ro ugh 
f i e l d , 
th e co l l e cti ve i n te rpre ta tl o n  o f  s e i s mi c , po te n ti a l  
a n d  bo reh o l e  data s h o uld add mo me n tum 
de ve l o pme n t  o f  th e g rowl ng S a la l a h P l a l n .  Th e 
I n  th e 
a dd i ti o n 
( th ro ugh th l S  i n �.2s ti g a tl o n )  o f  pro s pe cti ve n e w  a cre a g e  i n  th e 
e a s te rn pa rt o f  th e S a l a l ah P l a l n  to th e a l rea dy e x i s ti ng l a nd 
us e ma p i s  s i gn i f l can t. 
IV 
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PURPOSE OF THE STUDY 
The S a l a l a h  P l a i n w h i c h  1S l oc a t ed i n  Dho f a r  P r o v i nce 
a l o ng t h e  sou t h e r n  c o ast of t h e  S u l t a n a t e  of  Oma n is 
c o nt i n u o us l y  g r ow i n g  in popu l a t i o n . H e n c e , wa t e r  n e e ds a r e  
p ro j e c t e d  t o  i n c r ease p r o g r ess ive l y  . Ac c o rd i ng t o  G a d d is 
( 1 9 7 8 ) , H o r n  and R e e d  ( 1 9/9 ) , a n d  P a p adopu l os ( 1 9 83 ) , the 
p r o j e c t e d  w a t e r  d e m a n ds at y e a r  2000 a r e  est i m a t e d  to r e a ch 
38 n i l l i o n c u b i c  me t e rs / y e a r . 
P r e v i o us stud i es i n  the wa t e r  search i n  t h e  S a l a l a h  
P l a i n  w e r e  based p n  t h e  hydra u l i c prop e r t i es t h a t  c o n t r o l 
ground w a t e r  movem e n t  a n d  o n  h y d r o l og i c  i mp a c ts o f  gr ound 
w a t e r  d eve l opme n t  i n  p a r ts o f  t h e  S a l a l a h P l a i n a q u i f e r  
( H a l c r o� ,  1 9 7 5 , H a l c r ow , 1 9 7 6 , T a y l o r  1 9 7 6 ,  Gadd i s ,  19 7 8 , 
Papa dopu l os , 1 9B3 ) S u c h  e f f o r ts w e r e  c o n c e n t r a t e d  o n  the 
d e t e rm i n a t i o n  of  a qu i f e r  prop e r t i es ,  ground water r ech a rge 
a nd d isch a rge wh i ch are based o n  f ew sha l l ow we l ls (  m a x i mum 
d epth o f  7 0  m )  
T o  t h e  a u t h o r's k n ow l ed g e , n o  subsu r f a c e  st r u c t u r a l 
m od e l i ng wh i ch is b ased o n  g e ophys i c a l d a t a  was m a d e . The 
p r esent geophys i c a l i nvest i ga t i o n  i s  be l i eved to c o n t r i bu t e  
i n f o rma t i o n o n  t h e  ge o l ogy o f  S a l a l a h  aqu i f e r  a n d  o n  t h e  
1 
e nvi r o nme n t a l impa c t  o f  t h e  g e ophysi c a l resu l ts .  The 
i nt e g r a t ed use o f  se ism i c , g r a v i ty , m a g n e t i c , r es ist i v i t y  and 
other w e l l  l og data are suggest e d  t o  g u i d e  future e f f o rts 
a i med a t  t h e  d eve l opme n t  o f  t h e  S a l a l a h  P l a i n . 
I t  is a n t i c i p a t e d t h a t  t h e  ma i n  S a l a l ah a q u i f er ( th e  h i gh 
p e rme a b i l i t y  
a n d  t h e  t op 
i n t e r p r et a t i on 
i n t e rva l a t  t h e  b ase of t h e  M i o c e n! l i mest one 
o f  O l i go c e n e  l i mesto n e )  be m a p p ed t h r o ugh the 
of the r ef l e c t i o n  r e c o r ds i n  t h e  a r e a . 
F u r t h e rm or e , the t e c t o n i c  c o n t r o l o f  t h e  S a l a l ah aqui f e r  is 
b e l i eved to be d e t e rm i n ed t h r ough g�av i t y and magne t i c  
mode l i n g . 
T h e  e nv i ronnental impact o f  t h e  g e o phy.ic a l  d a t a  is 
a imed at l oc a t i ng a dd i t i o n a l a q u i f e r  l o c a t i o ns a nd i n  the 
e n h a nc em e n t  of  l a nd use i n  the S a l a l a h P l a i n  . Th i s  i s  b ased 
on g e ophys i c a l i n d i c a t o rs d e r i ve d  f r om t h e  su i t e o f  m e t h ods 
used i n  t h is study . 
I t  1S suggest ed t h a t  g e opt.ys i c a l r esu l ts w i l l  h e l p  
d e f i n e  p a r am e t e rs r e l a t ed t o  t h e  ground w a t e r  r e c h a r g e  ( f r om 
Jebe l Q a r a , a n d  f r om sur f a c e  r u n o f f ) , a n d  d isch a rg e  
( produ c t i o n  a n d  n a tu r a l f l ow i nt o  t h e  sea ) . 
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Introduction 
The Salala h P l ain ( l o c at i o n  s hown i n  F i g . 1 )  i s  a 
h i gh l y  po.u l a t e d  are a i n  Dho f ar Govern ate, Su l ta n ate o f  
Oma n . T h e  p o p u l at i o n  d e p e n d s  s o l e l y  o n  t h e  gro u nd water 
r e s o ur c e s  F1g . 2 . a nd F i g . 3 . t h e  h i g h l a n d  
waters h e d s  from Jebe l Qara, a nd th e dra i n a g e  ba s i n s  a nd 
s .r f a c e s  vm i c h f e ed L h e  Sa l a l a h P l a i n . T h e  c o n s umpt i o n  o f  
gro und w at e r  s e ems to be i n c re a s i n g  d u e  to h i gh p u�p i �g 
f o r  i rr i g a ti.on p urpo s e s . Th i s  v i ta l r e s o urc e re q u i r e s  
nore ma�a gme nt a�d at the s an e  1...e a dd i c i o n a l  g e o l o gic a l  
cra p s  h a ve o e a p p ed . F i g . 4 . lS h e  g e o l o g i c a l  map o f  
;::h e  D:"'o : ar ?ro v.:.. .. ce . 
�s m o s t  o f  ;::h e  Sa l a l a h  P l a i n  lS c o v er e d  b y  Quacernary 
LO Re c e nt a l l uv i a l  s ed i � e n· s. Sur f a c e  g e o l o g i c a l  methods 
h a v e  s o  
c h e  pre S e:1L 
f ar f a i l e d  
c a p a c i cj" 
o a c h i e v e  the c a r g e  o f  d e ve l o p i ng 
0: t h e  m a i n  Sa l a l a h aqu i f er. F i g . 5 
s ho'.-Js t..e l o c a ,= i o n  o f  D!":o f ar i n  h e  ce cton i c  s e tc 1 n g  o f  L h e  
G1.11:: 0 f P·.den . 
t h e  a q u i f er s etup . 
F1g . 6 i s  a g e o l o g i c a l  cro s s - s e ct i o n  s how i n g  
Th i s  s t u d y  i s  ba s ed o n  h e  c o l l e ct1v e  i nt e rpretat i o n  of 
a s u i t e  o f  g e o�h y s i c a l  metho d s  wh i c h  i s  c ompo s e d o f  
a va i l ab l e  s e i s m i c  r e f l ect i o n  l i n e s ,  Bo u g u e r  gra v i t y a noma l y  
map ( F1 g . 7 ) , tota l ma g n et i c  i nt e s i t y  m a p  ( F i g . 1 1 ) , a nd s ome 
3 
bore ho l e  �e l l  l o g s . F i g . 1 6  i s  t.he s e i sm i c  l o c at i o n  map 
s ho w i n g  ch e s etup o f  s e i s m i c  l i n e s . 
T h e  g e o l o g i c a l  cro s s  s e ct i o n  a cro s s  t h e  Sa l a l a h  P l a i n  
( Fi g . 6 s how h a� the d e e p e s t  water we l l  i n  h e  a i n  ?qui f er 
( Up p er O l i go c e n e-Lower M i o c ene ) d i d  not e x c e e d more t h a n  1 2 5 
m be:ow s e a  l e ve l . Th i s  s it u a t i o n  po i n � s  to t h e  i mportance 
o f  th i s  g e o �h y s i c a l  s c u d y  cowards he d e v e l opment o f  the 
r.a i ;--, a qu i f er . T!"'.e e nviroD .. ,e nta l i mp a ct: o f  t h e  g e op hys i c al 
r e s u l _s i s  a�t i cip at e d . 
HYDRAULIC CHARACTERISTICS OF SALALAH PLAIN 
Salalah Plain is situated along the coast of the Arabian 
Sea (Fig.1) and streches around 30 kID ,and varies in width 
from 5 kID in some locations to 20 kID in the central p.rt of 
the plain. The climate of the Salalah Plain is mostly wet. It 
is affected by temperate rain-fall (monsoon season), during 
the summer, which starts annually from June to September. 
The characteristics of the climate according to the data 
of Directorat" General of Meteorology of the Salalah airport, 
1992, is shown as Tables 1 and 2. 
The highest monsoon rain-fall are selected to represent 
the amount of the rain-fall at the stations during 1978. Among 
these three months, the raj�-fall density changes according to 
the elevation of area, (Table 1 and table 2). The rain-fall 
measurement for several years represent a suspected amount of 
water that may infilterate through porous media into the 
ground water aquifers in the Salalah Plain. The data collected 
will 
for 
fall 
1985 
the 
reflect the suspect and the situation of water resources 
the future. Tables 1 and 2 illustrate the amount of rain­
that was received by the Salalah Plain during 1983 and 
Long term mean annual rain-fall on the wetest part of 
highland area contributing to the Salalah Plain is 
5 
probably about 40 0-540 mm/year, (EL-Haggaz and Ashoor 
H. ,Technical Report Salalah) . 1991. 
There are three main types of the rain-fall which affect 
Salalah Plain, and gives varions amount of water according to 
the density of the rain-fall Table. 1 illustrats these types 
and the amounts of rainfall on the coastal plain of Salalah 
during the year 1983 
Table. l. Density of Rainfall in the year 1983 
Honth Rainfall Max. Temp. t-1ax. Hum. 
mm % 
Jan 24.8 30. 3 95 
Feb 77. 4 3:'. 8 98 
Har 0 . 2 34. 5 87 
Apr 15 0 . 9 34. 5 99 
Hay 27. 5 33. 1 97 
Jun 0 . 4 34. 0 93 
Jul 13. 0 32. 7 98 
Aug 5 9. 5 31.3 10 0 
Sep 6. 3 32.2 99 
Oct 0 . 0 32. 3 92 
Nov 0 . 0 34. 8 77 
Dec 0 . 0 31.4 88 
Total 360 . 0 
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Table.2. Density of Rainfall in the year 1985 
Honth Rainfall Hax.Ternp. Hax.Hurnd. 
mm % 
Jan 0 .0 34.3 94 
Feb 0 .0 33.2 81 
Mar 0 .0 31.5 91 
Apr 0 . 0 30 .6 93 
Nay 0 .0 32. 7 98 
Jun 19. 3 33.4 96 
Jul 69. 6 32.1 99 
Aug 41.6 30 . 8 99 
Sep 0 . 4 31. 1 92 
Oct 0 .0 34.6 96 
Nov 0 . 0 33.7 78 
Dec 
0 . 0 33. 4 86 
Total 130 . 9 
(Data source: G.D.OF Meteorology- Salalah Airport) 
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LAND USE IN THE SALALAH PLAIN 
La nd us e appea ra nce i the S a l a l ah P l a in a rea , ca n be 
d is t ing uis hed int o s e ve ra l  us e s  s uch as a g r1cul t ural a rea s ,  
r e s ident ia l , 
g ove rnme nt a l  
comme rcia l ,  ind us t ria l, l ive s t ock s ite s ,  a nd 
a re a s . Exis t ing l a nd us e in S a l a l ah P l a in 
ind 1 ca te s  a re th os e  h a ve re l e va nt f or g round w a t e r  a nd wa s te 
w a t e r  p l a nning G ove r nment a l  L a nd includ ing spe cia l us e ,  
p rote cted L a nd 1 ncl ud e  a lrp ort Rays ut h a rb our, Pa l a ce s ,  
H os p 1 ta l s ,  Mil l ta ry a nd P ol ice e s tabl is hme nt s ,  a nd Ope n  l a nd 
1 ncl ude na t ure , ( s e e  l a nd us e map ,F ig . 2 0 ) . 
I n  new res icent ia l  a re a s  t o  the we s t  a nd nor thea s t  of 
t he t ow n  ce nt re , p l ot s  ha ve a m inimum s iz e  of 6 0 0  s q . m .  
H ous e s  p l ot s  a re d is t r ib uted e x ce s s  of nee d s  f or h ous ing s o  
the l a nd a re a s  h a ve b e e n  ch a ng ing a s  b oth new l a nds 1 S  
d e ve l oped a nd urb a n  e ncroa chm e nt rem ove e x is t ing f a rm l a nd 
us e d ue t o  th e g row1 ng dema nd s  f or re s ident ia l  a nd 
commerc1 a l  l a nds . Tabl e  3 repre s e nt s  t h.e t ot a l  cons ump t ion of 
w a t e r  by s e ve ra l  g roup s . 
Th e re a re two d is t inct fa rming sys tems w ith in the 
S a l a l ah P l a in: 1) La rge s ca l e  m od e rn f a rming is unde r ta k e n  
b y  t h re e  org a niz a t ions , the m inis t ry of a g r icul t ur al a nd 
F is h e rie s ,  the Roya l F a rms ,a nd D h of a r  ca t t l e  feed compa ny .  
Th e g ros s a gricul t ur a l  l a nd a re a  of th e s e  ins t it ut ion is 
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e s t i ma te d  a t  1 3 3 3  h e c ta rs . ( D ame s a nd Moore , 1 9 9 0 ) , 2 )  The 
s e c ond f a rm i ng sys tem i s  th e! s e ri e s  of s ma l l  s c a l e  pri va te 
s e c t or f a rm s  l oca ted p ri nc i pa l l y w lth i n the Sa l a l a h P l a i n .  
The g ros s a rea i s  1 681 h e c t a rs ; ave ra g e  f a rm S lz e  of 
1 . 6  h e c t a rs ( D ames a nd Moore , 1 9 9 0  ) . The t ota l a g ri c ul t ura l 
a re a  th us e s t lma ted a t  3 0 14 h e c ta rs a nd the c ul t i va ted 
a rea lS e s t i ma ted a s  2 5 2 5  h e c t a rs . Ag ri c ul t ura l 
re s ldentla l , c omme rc la l ,  lnd us t rla l a nd deve l op l\\e nt ,  
g ove rnme nta l  
a qui fe r. 
woul d re qulre w a t e r  f rom t h e  Sa l a l ah P l a i n  
T h e re a re two ty pe s  of a qui fers e x i s t i ng a l ong the 
Sa l a l a h P l a i n , a c c ord i ng t o  l oca t i on a t  the 
s ub s urfa ce h ori z ons . The a qulfe r benea th Sa l a l ah P l a i n  i s  
C I1p l e x  
northe rn 
a nd 
a nd 
t ra ns e c t s  s t ra t lg raph i c  b ound a ri e s . In the 
c e nt ra l  p ort i oG of the Sa l a l a h P l a i n  th e 
a qulf e r  lS wi th i n  upp e rm os t  l i me s t one of t h e  T a qah 
F orma t lon ..... hi ch c onta ln a b unda nt s e c onda ry s ol ut lon 
ch a nne l s a nd cavi t i e s  re s ul t i ng In h lgh p ors i ty a nd 
p e rmea b ll i ty .  Fi g . 6  s h ows t h e  s t ra t i g raph i c  c ros s -s e c t i on 
th rough t h e  Sa l a l ah P l a i n .  Ne a r  the c oa s t  t h e  a qui f e r  
c ons ls t s  of th ree s t ra t i g raph i c  f orma t i ons : 1. L i me s t one of 
T a qah f orma t i on roc k , 2 .  Wad i  a l l uvi um s ed lment s , a nd 3 .  
C oa s ta l  c a l c a re nlte s ed lment s . 
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Table·3 shows metered potable consllinptlon for Salalah, within 
1989-1990. It lllus rates metered use cubi� meters per day. 
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GE OMORPHOLOGY OF THE SALALAH PLAIN 
S i x  ma i n  l a nd f o rm u n i ts c .n be d ist i ngush ed Phys i o l ogy 
i n  t h e  S a l a l a h  P l a i n . Th ese a r e : 
The Moun t ain Ra n g e  
T h e  Mou n t a i n  R a nge e x t e n d i ng a t  t h e  n o r t h  o f  t h e  S a l a l a h  
P l a i n , i t p e r f o rmed t h e  up l i f t a r e a  wh i c h r esu l t  o f  the 
t e c t on i c  movem e n ts du r i ng the C r e t a c e ous a n d  t h e  e a r l y  
T e r t i a r y . T h e  h i gh esc a rpment o f  the mou n t a i n  ove r l ook 
S a l a l a h  P l a i n  a n d  Ar a b i a n  sea , a n d  o t h e r  sc a t t e r e d  sma l l  
H i l ls c o n n e c t e d  w i t h  i t ,  wh i ch may d e r i v e  f r om t h i s  range o f  
h igh l and . 
T h e  mou nt a i n  o f  S a l a l a h  cons ist ed o f  L i mest o n es and 
Do l om i t e s  wh i c h a r e  p e rme a b l e  and K a rst i f i ed , th ese 
c a r b o n a t es c a n  be c o nsi d e r e d  as o n e  Hyd r o l og i c a l u n i t  wh i c h  
i nc l ud e  impor t a n t  a q u i f e rs .  
Dra�n age ba sin 
The wat ersh e d  sh ape of t h e  d r a i nage bas i n  is gr ea t l y 
a f f e c t e d  b y  t h e  geolog i c  c o n d i t i o ns , and p r i n c i p a l e f f e c t  o f  
bas i n  sha p e  u p o n  
p a t t e r n  r e f l e cts 
P l e i st t o c ene age , 
r u n - o f f  and sed i m e n t a t i o n . The w a t e r." hed 
the very o l d  ra iny d u r a t i on d u r ing the 
when the h igh l and c o v e r e d  by I c e , t h e  deep 
Va l l eys o f  f ou r t h  o r d e r  r e l a t e d  to the h e a vy r a i ny that 
11 
c ause wea t h e r i n g  a n d  
va l l eys , wh i c h  f e e d  
Eros i on , and p r o d u c e  the f e a t u res o f  
by dens i ty sma l l e r  d r a i n a g e  o f  th i rd 
o r d e r , S e c ond o r d e r  and F i rst o r d e r  wh i c h  c o l l e c t  t h e  wa t e r  
f r om t h e  c a t chment a r e a  o f  h i gh Land . The ma i n  w i d e  va l l eys ,  
su ch a s  Wad i S a h a l n o u t , Wad i N a h i z , Wad i J a rsis a n d  Wad i 
Ar z a t  m a y  stand as s i gns o f  o l d  r ive rs wh i ch convert e d  t o  be 
sma l l  spr l ngs , due t o  t h e  ch ange i n  t h e  r a i n -fa l l  du r a t i on 
and d ens i ty , wh i c h  b e c omes l ess t h a n  be f o r e . 
R e c en t l y  t h e  cyc l on e  r a i n - f a l l  a n d  Monsoon r a i n - f� l l 
r e p r esented t h e  modern d r a i n a g e  wh i ch o c c u r  when t h e r e  is a 
he avy r a l n . These d r a i n a g e  syst ems o f  t h e  h i gh Land a r e a ( F i g . ]  
wh i c h  c o l l e c t e d  t h e  wa t e r  and f l ow S o u thwa r d , pass i ng i n  i ts 
path a cr oss the S a l a l a h  P l a i n , i t  r ep r esen t e d  the ma i n  sou r c e  
f o r  a g r oundw a t e r  r e c h a r g e , t h e r e  a r e  E i ght ma i n  va l l ey 
systems pass�n g t h r ough the S a l a l a h  C i t y  ( F i g . 2 a n d  F i g . ] ) , 
shows t h e  dens i t y  o f  t h e  Dra i a g e  system t h a t  a f f e cts the 
S a l a l a h P l a i n . 
The st e e p  p r o f i l e o f  va l l eys i n  F i rst o r d e r  i n  str eams , 
watersh e d e  occurs a l ong t h e  h i ghLand o f  t h e  S a l a l a h wh i ch 
co l l e c t  wa t e r  f r om t h e  c a t chment a r e as ( Mount a i n  z on e ) , the 
d r a i n a g e  of sma l l  va l l e ys cons i d e r e d  as a very i mp o r tant 
order of st r e a m  syst ems d u e  t o  wh i ch dens i ty and i ts r o l e  i n  
co l l e c t i on the wa t e r  wh i ch f e e d  t h e  S e c ond and t h i rd and 
f ou r t h  ord ers o f  st r e ams , and in th is c ase p r oduc i n g  l a r g e  
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qu a n t i t i es o f  w a t e r  f l ow i ng through t h e  ma i n  va l l e ys t h a t  
f e ed t h e  S a l a l a h  P l a i n aqu i f e rs . 
T h e  ma i n  va l l eys o f  f ou r t h  order seem t o  be i n  g e n t l e  
s l o p e  o f  i ts p r o f i l e t o  t h e  a c t  i v i es o f  the o l d  w a t e rwash 
p e r i ods and w a t e r  f l ow du r i n g  the g l a c i a l  and the r a i ny t i me 
i n  t h e  P l e ist o c e n e  a g e , wh i ch ca use depos i t i o n  of a l l  
c o l uv i a l  a nd a l l uv i a l  Rocks a t  t h e  bottom o f  va l l eys t h e n  i t  
r e d u c e  i n  va l l ejs s l op e  I n  some l oca t i o n  ( F i g . 2 a n d  3 )  
i l l ust r a t e d  t h e  st r e a ms o r d e r  i n  t h e  ma i n  Va l l e ys t h a t  
cons i d e r e d  a s  t h e  ma i n  sou r c e  o f  wa t e r  f o r  t h e  Sa l a l a h  PLa i n  
( E . w . A n d e rson , S ep 1 7 -0c t . 2 8 - 1 9 8 4 ) . 
The Gr avel Plain 
Th e g r ave l P l a i n  f orms a 
f o o t h i l l s o f  t h e  m o u n t a i n , a n d  
z o n e  st a r t i n g 
ext e nd i n g t o  
a t  the 
t h e  south 
u n t i l  t h e  S u bkh a z o n e  a l on g  t h e  b e a c h  o f  A r a b i a n  sea . Th is 
g r ave l P l a i n  d i p  ve r y  g e n t l e  sout h-wa rds , c l ose t o  the 
occurs w i t h  p r e d om i n a n t l y  c o a rse m a t e r i a l , mou n t a i n  
bou l d ers , gr ave ls m i x e d  w i t h  sa nd a n d  c l a y . w i th i n c r e as i ng 
d ist a nce f r om t h e  moun t a i ns ,  the S l z e  o f  t h e  m a t e r i a l s 
g e n e r a l l y d e c r e ases a n d  t h e  propo r t i o n  o f  f i n e r  f r a ct i ons 
lncreases sou t hwa r d . The p r o p o t i o n  o f  g r ave l a n d  c o a rser 
m a t e r i a ls i n c r e ases a lso w i t h  d e p t h , a n d  s i l t y  l ay e r s  i ns i d e  
t h e  a l l uv i a l  ma n t l e  i nd i c a t e  c l i m a t e  va r i a t i o ns . 
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The Alluvial Fan s 
A l l u v i a l  f a n s  f o rm o c c u r  a t  the end o f  the va l l ey s  
dra i n a ges , i t f o r m  l a rge f l a t  P l a i n  o f  S a l a l a h  sea wa rd , wh i c h  
suppo r t  i nten se a g r i cu l tu r a l a c t i v i t ies . T h e  groundwater o f  
these a l l uv i a l  f a n s  i s  gener a l l y f resh . B u t  exten s i ve pump i ng 
i n  s ome p l a ces i s  c a u s i ng the i nter f a ce f r i s h / s a l t  wa ter t o  
move i n l a nd . 
ha ter f a l ow i ng t o  the s o u t h  o f  the watershed a rea dev i ne 
p a r t l y  i n f i l t r a tes 
h o l d i ng p l a nes o f  
mou n t a i n , �h i cn i s  
thr ough featu res , j o i n t s , f a u l t s , a n d  
t h e  r o c k s  a t  the f o o t  o f  the centera l 
dom i n a ted by ten s i o n a l f a u l t  z ones 
extend i n g  p a r a l le l  a l o n g  the h i gh l a n d  a rea w i t h  appea r a nce o f  
the e s c a r pmen t s  �h i c h  i s  c o n s i dered a s  the c a t chme n t  a rea s 
t h a t  feed s the S a l a l a h  P l a i n w i th wa ter a n d  a l s o  d r i f t i ng 
c l a s t i c  m a ter i a l s  w i t h  i t  d u r i ng f l oods . 
f l ood Water d r i f t s  the g r a ve l s  a n d  a l l uv i a l  depo s i t s  
f i l l i n g  the va l l ey s  a n d  t h e  c o a s t a l s t r i p s , m o s t  o f  t h e  ma i n  
rech a r ge o f  the w a ter a l o n g  the z one o f  the ma i n  f a u l t  i s  
i n f i l t r a t i ng t h r o u g h  the g r a ve l  P l a i n  a feed t he aqu i fers . 
R iver type ter r a ces c a n  be o bserved o n  the s i des o f  many 
moun t a i n  va l leys such a s , Wad i J a r s i s ,  Wad i N a h i z ,  Wa d i  
S a h a l n o o t , a n d  \va d i  A r z a t  f o c u s  o n  the S a l a l a h  P l a i n , they 
were f o rmed i n  the P l i e s t ocene t i me , when the c l i m a te w a s  
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more r a i n y  t h a n  t od a y . S u c h  va l ley s a re f i l led u p  w i t h  
cong l omer a te f rom P l iestocene , g r a d i ng up i nt o  more recen t 
grave l , s a nd a n d  c l a yey s a nd . S ome va l l ey s  m a y  re2ch the sea , 
t o  a n  extent o f  20 Km . 
E r o s i o n  wh i ch S t a r ted f r om t he P le i s t o cene c u t s  through 
the m i ddle of va l leys leav i ng ter r a ces o n  the s i de , eros i o n  i s  
due t o  t he l ower i n g  o f  t he er o s i on a l ba s i n  o f  S a l a l ah P l a i n  
a s  a res u l t  o f  the u p l i f t o f  the moun t a i n  r a nge . 
The S a ndy Bea ch 
The s a ndy bea c h  a re re l a t i ve l y  f l a t  a rea , covered w i th 
Aeo l i a n  s a nds a n d  s a nd du nes . A l on g  the c o a s t a l a rea o f  
Sa l a l a h  i s  extend i n g ea s t -west p a r r a l le l  t o  t h e  Ar a b i a n  sea , 
they a re more s t a b l e  a l o n g  the beach due t o  the g r ow i ng o f  
s one spec ies o f  veget a t i o n o n  these b a r r ier s o f  s a n d s , wh i ch 
tend t o  become m o re c a r b o n i ferou s w i th les s c o n tent o f  
qua r t z i t i c  s a n d . 
The por o s i ty o f  s a nd y  bea ch g r a l n s  l S  ver y  h i g h  s o  i t  
l o s e  the w a ter i n  s h o r t  t i me d ue t o  the i r  eva po - t r a n s p i r a t i o n 
c a p a c i ty ex ceed s 
water a t  the 
t he i r  water - h o l d i ng c a pac i t y . The g r ound 
s a ndy bea c h  of S a l a l a h  P l a i n  i s  be i n g 
con t i nu osly enr i c hed w i t h  s a l t , s o a l l  the we l l s s i t u a ted 
a l on g  the s a nd y  bea c h  y ie l d  s a l i ne wa ter . 
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Lago o n s 
Lag o o n s  
beach o f  the 
can b e  seen i n  s ome l ocat i o n s  a l o n g  t h e  Sea 
S a l a l ah P l ai n ,  these ar e produced by n o n human 
e v e nt s , are m o r e  c ommo n . S e v e r a l  s eapag e and sma l l s u r face 
wat e r  f l ow o c c u r  i n  the f o o t  h i l l s  and e s carpm e n t s  and f e ed s  
t h e s e  Lag o o n s  w i t h  wat e r  d u r i ng t h e  c y c l o n i c  rai n - f a l l o r  
heavy r a i n i n  t h e  M o n s o o n  du rat i o n  s ome t i m e s , i t  may cau s e  
rai s e  i n  th e wat e r  l e ve l i n  Lag o o n s . 
T h e  h i gh t i dal o f  t h e  S e a  a l s o  f e e d s  i t  w i t h  s a l i n e  
wat e r , s o  we f o u n d  n ow t h e  sal i n i ty o f  wat e r  i n  Lag o o n s  such 
as Dahar i z  Lagoon , AI- Bal e e d  Lagoon , Sala lah Lagoon , Awgadai n  
Lag o o n  and AI- Qurm 1 and 2 Lag o o n s , i t s  sal i n i ty i s  above 
2 0 0 0 0  n i c r omoh o s / cm ,  due to t h e  i n t r u s i o n o f  the S ea wat e r . 
B u t  when t h e r e  i s  a heavy ra i n  and f l o od f e ed t h e s e  
Lago o n s , resu l t i n g I n  r e d u c t i o n o f  sal i n i ty o f  lag o o n s  
d e i l u t i o n. Th e s e  Lag o o n s  are s u r o u n d e d  by areas o f  Sabkha , 
vlh i ch r e s u l t  o f  d e p o s i t i o n  o f  par t i c l e s  o f  c r y s t a l i n e  s a l t  
w i th �ud , s i l t  a n d  sand a s  r e s i dual mat e r i a l s o f  e vaporat i o n  
du r i n g  t h e  d r y  s eas o n s . Th e c oastal l ag00n s vary i n  l e ngth 
and w i dt h  overt i m e , and t h e  maj o r i t; of lag o o n s  o c c u r  at the 
mouth s of  d i s t i n c t  ma i n  va l l ey s , wat e r  accumu l at i o n  beh i nd 
t h e  sand - bar s t o  form Lagoon , wh i ch may be f e d  by s u r fac e  
wat e r  o r  g r ound wat e r . 
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GEOLOGY OF THE SALALAH PLAIN 
Stratigraphic Sequences 
The geological features, in the Salalah plain represented 
by the outcropping rock units which belong to both the 
1esoz oic and the Cenozoic are shown 1n Figure 4. In the 
following, a description 1S made for the formations which 
constitute the bulk of these �wo'epochs, summarized from 
Platel et al. (1989). 
The Cretaceous compr1ses several formations such as 
Kharfoot Formation (kkd), Dhalkuout Formation (kd) of Gamar 
Group. The Kharfoot Formation (kkd) consists of well-bedded 
alteration of green marl and �rey micritic limestone. It 
contains marine fossils (oyster, rudists, echinoderms). The 
Dhalkuot Formation 1S mostly composed of marl which may be 
due to the turbidity, due to high �Jrrent "lOVement from the 
land. 
In the mountainous Gara area, Tertiary rocks dominated 
by limestones, such as Taqah Formation of Hadhramout 
group (Paleocene-Eocene) was deposited 1n shallow mar1ne 
paleogeography. The deposition of limestone includes fossils 
of marine sediments such as corals, graptolites, foraminefra, 
mulusca and skeletons of other organisms which live in 
17 
s h a l l ow e n v i r onme n t . Th e t h i c k n e s s  o f  t h e  s u c c e s s i o n  o f  
L i m e s t o n e  r e a c h e s  8 0 0  m n e a r  the Qara I'1ou n t a i n , Vlh i ch emerged 
du r i n g  t h e  O l i g o c e n e - M i oc e n e . w i t h i n  l i m e s t o n e  l a y e r s , a n d  
o t h e r s  o f  ma r l  a nd s h a l e , g r e y  a n d  g r e e n  ma r l s  Vlh i c h  c o n t a i n  
oy s t e r  a n d  ech i n od e r m s , m i c r i t i c  l im e s t o n e s  Vli th rud i s t s  a n d  
s ome c a l c a r e n i t e  
i ndex f oss i l s . 
l i m e s t o n e . The Gama r G r o u p  c o n t a i n s  many 
The l i th o l og y  of th i s  g r oup s u gg e s t s  sha l l oVl ma r i n e  
e n v i r o nme n t . The C e n o z o i c  E r a  i s  repr e s e nt e d  by t h e  d om i n a n t  
s e d i me n t s  i n  the S a l a l a h  P l a i n . Th e s e  s e d i m e n t s  b e l o n g  most l y  
t o  t h e  Te r t i a r y . 
The T e r t i a ry , i n  t h e  Sa l a l a h  P l a i n  IS comp o s e d  by , t h r e e  
d i s t i ng u i s h e d  f o rma t i on s , name l y , A s hVla q  Forma t i on , the 
Adown i b  Format i o n , a n d  the Na a r  Format i o n . 
T h e  Ashwaq F o rma t i o n  o f  La t e  E o c e n e - O l i go c e n e  a g e , 
c on s i s t s  o f  Hh i t i s h \·:e 11- bedded b i o c a l c a r e n i t e , 
m i c r i t i c l i m e s t o n e , a nd s i l i c i f i ed l ay e r s . The 
Forma t i o n  ( l a t e  H i o c e n e )  
c o ng l om e r a t i c  l im e s t o n e, 
c o n s i s t s  o f  w e l l - bedded Vlh i t i s h  
b i oc a l c a r e n i t i c  a n d  b i o c l a s t i c  
l i m e s t o n e  
dom i na t e d  
\.J i t h  ma r i n e  mo l l u s c a s . B o t h  Forma t i o n s  a r e  
b y  ma r i n e  c o nd i t i o n  i n  i t s p e r f orm a n c e  a n d  
sed i m e n t a t i o n  s t a g e s . 
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Th i s  i s  i nd i cat ed by shal l ow mar i n e  cond i t i on ( ve r y  r i ch 
in car bo nat e e l ement s )  o f  r e s idual s k e l e t o n s  of mar i n e 
o rgan i sm s  s u c h  a s  coral , m i c r i t e s , ca l c r e n i t e  and 
ech i n o d e r m s ) . The wh i t e  c o l ou r  a l s o r e l at e d  t o  t h e  chalk 
amo u n t  wh i ch mai n l y c omposed of very f i n e  par t i c l e s  of pure­
car b o nat e of o r gan i sms r e s u l t i ng f r om e r o s i o n  e f f e c t s  and 
d e s t r u c t i o n of o r gan i c  ske l t o n s  and c ongl ome rat i c  mat e r i a l s . 
T h e  Quat e r nary p e r i od w i t n ess ed a l l uv i a l  sed i me n tat i on 
( de l t a  fan s , r l v e r  
sed i m e n t s  g e n e ra l l y  
t e r rac e s , and beac h e s ) . The R e c e n t  
acc umu l at e  a t  t h e  b o t t om o f  val l e ys 
wher eas e o l d e r  s e d i m e n t s  are r e p r e s e n t ed by t e r rac e s  wh i c h  
s om e t i m e s  e x t e nd t o  the h i g h  ban k o f  s om e  val l ey s .  The m o s t  
r e c e n t  r a i s ed beac h e s  ar e c l o s e  t o  t h e  s e a  wher eas o l d e r  
o n e s  e x t e n d  far away f r on t h e  s ea . 
T h e  Quat e r nary sed i m e n t s  ar e a l s o  f ou n d t o  e x t e n d  t o  the 
f ooth i l l s of  t h e  Salalah P l a i n  n o r t h e r n  mou n ta i n s . A t  the 
s l op e s  o f  t h e s e  mounta i n s  phy s i ca l l y  e r od e d  tal u s  i s  f ound . 
The g l ac i a l  p e r i od i s  r e p r e s e nt e d  by bou l d e r s , g rave l s ,  
d e br i s , t i l t s  and sand t o g e t h e r  w i t h  o t h e r  f i n e  s e d i me nt s . 
Dur i ng t h e  Quat e r nar y , t h e  Salal ah P l a i n  was af f e c t e d  by 
s e r i e s  o f  sea l ev e l chan g e s . Th e f i r s t  s tag e i s  r e p r e s e n t e d  
b y  t rans g r e s s i o n  o f  t h e  sea whe r e  i t  r eached about 3 0 0  m 
above t h e  p r e s e n t  sea l e v e l .  Th i s  o c c u r r ed du r i ng Ear l y  
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P l e i s t o c e n e  i n d i cat i n g s u bmergence o f  ar eas l ow e r  than the 
i n d i cat e d  e l e vat i on . Dur i ng t h e  P l i o c e n e  and t h e  Ear l y  
P l e i s t o c e n e , Salalah P l a i n  was s u bmerged b y  t h e  s ea . 
Th e s e cond s tag e i s  man i f e s ted by r e g r e s s i o n  o f  t h e  s ea 
� h e r e  t h e  s eawat e r  s t ar t e d  t o  r e g r e s s  away f r om t h e  Salalah 
P la i n  s outhwar d . A t  th i s  stag e , a l l th e hiyh l and ar eas and 
t h e  Sala lah P l a i n  � e r e  comp l e t e l y  cove r e d  by i c e . Du r i n g  th i s  
g l ac i a l  p e r iod , g rave l s , p e b b l e s , sand , s i l t ,  c l ay and 
o rgan i c  mat e r i a l s c o n s t i t u t ed the s o i l  o f  t h e  S a l a l ah P l a i n . 
The f l ow o f  wat e r  r e su l t i ng f r om t h e  me l t i ng o f  i c e  c r eat ed 
several val l eys such as t h e  Ar z at , Saha l n oo t , Nahai z  and 
Jar s i s . 
The th i r d chan g e  i n  sea l e ve l s tar t e d  s ome 20 , 0 0 0  year s 
ago w i t h  s l ow l y  r i s i ng sea l ev e l when i t  r each e d  t h e  p r e s e n t  
stat u s  s om e  5 0 0 0  y ear s ag o . Du r i ng th i s  p e r i od , t h e  c l i mat e 
s tar t e d  t o  be d r i e r and t h e  S a l alah d e p r e s s i o n  r e c e i ve d  h i gh 
l oad of s e d ime n tat i o n  of t e r r e s t i a l  o r i g i n . Th i s  per i od 
shap ed u p  the p r e s e n t  g e omo r - pho l og i ca l  f eat u r e s  o f  the 
Salalah P l a i n . Th e beach was l oad ed w i t h Sabkha d e p o s i t s . 
The Quat e r nary r o c k  u n i t s  and u n c o n s o l idat e d  s e d i m e n t s  
ar e c las s f i ed i nt o  1 0  u n i t s  ( S e e  F i g . 4 )  
Sub Re cen t T r ave r tine 
( QXL ) ( P l eis t o c e n e ) 
2 0  

Th e s e  r o c k  u n i t s  o c c u r  a t  areas wh e r e  the h o  s p r i ng s  
d i s charg e  i n t o  t h e  s u r fac e  o f  t h e  ear t h  and p r oduce 
trave r t i n e r o c k s . Th e s e  hot s p r i ng s  ex i s t e d  l n  t h e  pas t at 
t h e  rai n y  t i m e s . Th i s  p r e c i p i tated s om e  m i n e ra l s s u ch as 
i r o n , and o t h e r  s u bst ance . Travert i ne r o ck app ear s at Had i 
Jar s i s  and Wad i Sahal n o u t . 
Re ce n t  T r ave r tine and Wadi floor-
s a nd and g r avel ( QLY-Z ) L a te Pleis t o c ene ) 
T h e  r e c e n t  trave r t i n e  and f l o o r  bed sand and g rave l are 
p r o d u c e d  by t h e  rai n y per i od s. o f  the P l e i s t o c e n e , w h i ch were 
dom i nated by the g l ac i a l  c o v e r  and h eavy wat e r  f l ow , w i th 
h i gh e vaporat i o n . Th i s  cau s e d  l at e r  p r e c i p i t at i o n  o f  m o s t  o f  
t h e  d i s s o l v e d  s u b s tan c e s . 
Middle alluvial t e r r ace s depo s i t s  
( QTX ) ( L a te Plei s tocene ) 
Th e s e  a l l u v i a l  s e d i m e n t s  c r eat e d  t h e  t e r rac e s  pat t e r n  at 
t h e  va l l ey s . Th e s e  are or i g i nat ed by wat e r  f l ow o f  i c e  wh i ch 
star t e d  produ c i ng all uvium , bou l d e r s , g rav e l s , sand , c l ay an d 
s i l t .  I t  r e p r e s e n t e d  t h e  m i dd l e  par t o f  t e r rac e s .  
L owe r alluvial t e r r ace s 
( QTX-Z ) ( L a te Pleis t o c e n e ) 
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Th ese a l l uv i a l  t e r r a c es r e p r esent t h e  r e c e n t  depos i ts o f  
a l l u v i um c a used by t h e  w a t e r  f l ow i n  va l l e ys . 
S ubr e ce n t  alluvial f a n s 
( Q FX-Z ) ( L a te Plei s t o c e n e ) 
T h e  se d i m e n t s  o f  S a l a l a h  P l a i n  a r e  most l y  bui l t  up o f  
a l l uv i a l  f a ns ,  which inte rto ngu e with ma r i ne c o asta l 
c a l c a r e ous sa nds ( c a l c a r e n i t e ) . These o c c u r  u p  t o  3 k m  i n l a n d  
o f  t h e  p r esent c oast l i n e , 
t h a n  t h a t  ex isting t o d a y . 
Re ce n t  alluvial f a n s 
( QTZ)  ( L a te Pleis t o c e n e ) 
i nle r i n g a h i gh pa l a o-se a  l e ve l 
T h e  r e c e n t  a l l u v i a l f a ns a p p e a r  a l o n g  t h e  S a l a l a h  
P l a i n , Th ese f a ns ext e n d  f r om t h e  mouth o f  va l l eys . 
Be a c h  r o ck ( T aqah s tone s )  
( QMX-Y ) ( H olo c e n e ) 
Th e H o l o c e n e  Qu a t e r nary T a q a h  st o n e  ext e n d  a l ong the 
c o ast a l  b e a c h beyond t h e  coast a l d u n es to t h e  n o r t h . There 
are seve r a l of th ese r o ck u n i ts . These are sh own o n  the 
su r f a c e  at Rysu t p o r t , Awq a d , S a l a l a h , A l h a f a h , D a h a ri z  a n d  
A l rnaDu r a h , a n d  ext e nd t ow a r ds T a q a h  city t o  th e e ast . Th ese 
a r e  c omposed o f  l i mest o n e  wh i c h  c o n t a i ns b i o ca r b o n a t e  
ma t e ria l s  a n d  bio c l ast i cs w i t h  sa nd . The pa l a og e o g r a ph y  o f  
T a q a h  st o n e  ind i c a t es sh a l l ow ma r i n e  cond i tion . 
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C o a s t a l  s a nd dune s 
( QDY-Z ) ( E a r l y  H o l o cene ) 
T h e  a c cummu l a t i o n o f  sa n d  n e a r  t h e  c o ast i n  S a l a l a h 
P l a i n  i s  a ch a r a c t e r ist i c  f e a t u r e  wh i ch r e f l e c t  t h e  dynam i c  
moveme n t  o f  w i nd c u r r e n t  a n d  w a t e r  f l ow c u r r e nts . Th e 
part i c l es o f  t h ese s a n d  d u n es n e a r  t h e  be a c h  a r e  wel l-sorted , 
a n d  d e v o i d  o f  .g r a i ns . 
Re ce n t  s a nd 
(QMZ) ( Middle Holocene) 
Th e r e c e n t  sa n d  was depos i t e d  du r i ng t h e  M i dd l e  
H o l oc e n e . I t  p r o d u c es sa nd a c c ummu l a t i o n  a t  seve r a l l oc a t i ons 
i n  S a l a l a h  P l a i n . These a r e  c a used by c u r r e n ts wh i c h  has the 
a b i l i ty to car r y  sand p a r t i c l es and to a c c ummu l a t e  them 
c l ose r t o  t h e  b e a c h  when t h e  c u r r e n t  o f  w a t e r  f l ow become 
more qu i e t  in i ts f l ow i n g . 
S abk h a  depo s i t s 
( Q SY-Z ) ( E a r ly H o l o c e n e ) 
S a bk h a  p e r f o rmed a t  t h e  coast a l a r e as o f  S a l a l a h  P l a i n  . 
They appe a r  p a r a l l e l  t o  t h e  a x i s  o f  t h e  P l a i n . These a r e as o f  
S a bk h a  a r e  c a used by t h e  r e g ession o f  t h e  s e a  l ev e l  f r om the 
l a r g e  c oast a l a r e a s  due t o  the u p l i f t i ng of the b e a c h es . 
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T h e  S a l a l a h  sa bkha a r e as a r e  d ist i ngu i sh e d  b y  f l a t  
su r f a c e  w i t h  l ow t opography . They l ook l i k e  l a g o o ns a nd i n  
these a r e a s  w a t e r  stand o n  t h e  sur f a c e  o f  S a bkha . Th e 
i n c r e ase o f  t emp e r t u r e  causes evapo r a t i o n  o f  w a t e r  w h e r e  sa l t  
p a r t i c l es se t t l e  i n  t h e  f o r m  o f  sod i um c h l o r i d e  a n d  c a l c ium 
su l ph a t e . The su bsu r f a c e  w a t e r  of S a bkha has h i gh sa l i n i ty . 
Ge ody n amic E v o lulion 
D u r i ng t h e  C r e t a c e ous ,  th is p a r t  o f  Oma n  be l o n g e d  t o  t h e  
T ey t h y a n  doma i n  c h a r a c t e r i z e d by ext e ns i v e  m i d d l e -sh e l f  
c a r b o n a t e  depos i t i o n i n  a sha l l ow w a rm sea , a l l ow i n g  the 
deve l opment of rud i st b i o t opes . 
Th e sed i m e n t o l og i c a l i nt e rpre t a t i o n a nd sequet i a l 
a n a l ys i s  o f  t h e  d e p os i ts sh ow t h a t  th g e od y n am i c  p r o c esses 
o p e r a t i n g i n  Dh o f a r  du r i ng t h e  C r e t a c e o us w e r e  ext ension 
r e l a t e d  t o  t h e  e v o l u t i o n  of  a b as i n  d u r i n g t h e  e a r l y  
C r e t a c e ous a nd t h e  b e g i n i ng o f  t h e  La t e  C r e t a c e o us ,  c h a n g i ng ,  
a t  t h e  T u r o n i a n-Co n i a c i a n  b o u n d a r y , t o  a ph ase o f  u p l i f t  
a c t i n g  d u r i ng t h e  e n d  o f  t h e  L a t e  C r e t a c e ous . Ana l ys i s  o f  the 
sed i m e n t a t i o n - r a t e  c u r ves c l e a r l y  shows th i s  e vo l u t i on . Fr om 
t h e  B a r r em i a n - Apt i a n  t o  t h e  C e n oma n i a n - T u r o n i a n , t h e  f i rst 
f o r ma t i o ns t o  be d e p os i t e d , t h e  Q ish n , K h a r f o o t  a n d  Dha l kuot 
Form a t i ons , 
sequ e n c es , 
t h i ck n ess ;  
c o ns i st ed o f  n um e rous sh oa l i n g - upw a r d  f i l l  
a bo u t  severa l metres t o  seve r a l t e ns o f  m e t r es i n  
t h e  Q ish n a n d t h e  Dha l ku o t  Forma t i o ns c o nst i t u t e  
f i l l -meg aseq u e nces . 
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g . s  Loc a t i o n  of  Dho f a r  i n  the tecton i c  s e t t i ng o f  the  
I f  o f  Aden ( f rom P I a t e l  and Roger , 1 9 8 9  ) 
Qu i t e  cons i d e r a b l e  subs i d e n c e  was e n g e n d e r e d  by the 
ext e n t i on a l t e c t o nics wh i ch d rove t h e  Ad e n  prot o - r i f t f r om 
t h e  m i dd l e  Jurass i c  onwa rds , a n d  sepa r a t ed t h e  Ara b i a n  f r om 
t h e  A f ric a n  lithospheric p l a t e . I t  was o n l y  f r om t h e  
B a r r e n i a n - E a r l y  A p t i a n  ( a bo u t  1 20 Ma ) t h a t  t h e  sti l l f air l y  
young , su bst r a t u m  o f  t h is b as i n  became su f ficie n t l y  d e p r essed 
ln west e r n  Dh o f a r  for p e rma n e n t  est a b l ishme n t  of an 
e p i c o n t i n e n ta l sea . The basin l o ng a x i s  was c l e a r l y  n o r t h ­
n o r t h e ast o r i e n t e d  t h r ou g h o u t  the Ea r l y  c r e t a c e ous a n d  
e a r l i est La t e  C r e t a c e ous , as J a ba l a l  Qama r was c l oser t o  t h e  
c e n t r e , w i t h  minimu m  r a t es o f  $ ed i m e n t a tio n ( d e riv e d  f r om t h e  
o bse r v e d  t h i ck n ess o f  t h e  c omp a c t e d d e p osits ) r e a c hing m o r e  
tha n 1 4 0  n / } a d u r i ng t h e  Midd l e  a n d La t e  C e n om a nia n , . wh e r eas 
d u r i n g the sa m e  p e riod , the e ast e r n  ma r gin of the b as i n  n e a r  
1 a r b a t  r e corded r a t es o f  o n l y  6 0  m / a . The most a c tiv e phase 
o f  basin subs i d e n c e  dur i n g t h e  C r e t a c e o us t o ok p l a c e  du ring 
th i s  p e r i od ( F i g . 5 ) , The eme r g e n c e  t h a t  f o l l ow e d  c o r r esp onded 
to a g e n e r a l i z ed u p l i f t of Dh o f a r  t h a t  gave rise to 
He a t h e r i n g  a nd e r os i o n  of a l l  exposed r ocks du ring the l a t est 
T u r o n i a n , t h e  c o niacia n , a n d  possib l y  t h e  b e g i ning o f  the 
s a n t o nia n . Th ese events w e r e  t h e  d i st i n c t  e f f e cts of 
p r o c esses that a bo u t  t h e  st a r t  of disp l a ceme n t  of the 
H a wa s i n a  a nd Oma n  oph i o lit e n a ppes in north Oma n . 
Th e two y o u n gest C r e t a c e ous Forma tio ns , w e r e  d e p os i t e d 
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i n  a v e r y  d i f f e r e n t  g e od y n a m i c  se t t i n g , du r i ng phases o f  
u p l i f t wh i c h  r e j u v e n a t ed t h e  t opog r a ph y  du r i ng t h e  S a n t o n i a n , 
a n d  a t  t h e  be g i n i n g o f  t h e  Maast r i c ht i a n . S u bs i d e n c e  a nd the 
S u bst r a t un s lowed down c o ns i d e r a b l ey , w i t h a sed i m e n t a t i on 
r a t e  o f  o n l y  4 m / M a , a n d  becom e  u n i f o r m  th roughout the 
r eg i on . The o n l a p  p r og r esse d rap i d l y  towa r d  east e r n  Dh o f a r  
a n d  t h e  Aruma G r oup , I n  pa r t i c u l a r  t h e  ext e n s i v e  
t r a nsg r ess i o n  o f  t h e  Sha rwa y n  F o rma t i o n , a n n o u n c e d  t h e  b r o a d  
t r a nsg r ess i o n  o f  t h e  Eoc e n e  p l a t form . 
Th e f i n a l , a n d  g e n e r a l i z e d reg r ess i o n  a t  t h e  e nd o f  the 
C r e t a c e ous , c o r r esponded t o  a mo r e  i n t e nse ph ase of u p l i f t 
wh i c h  strong l y  d e f ormed Dh o f a r . Poss i b l y  f r om t h e  La t est 
Ma est r i ch t i a n , b u t  esp e c i a l l y du r i ng t h e  Pa l e o c e n e , a broad 
arch d e v e l oped b e t w e e n  
comp l e t e l y  p e n e p l a n e d  
A y n  H amra n a n d  A l  H a u t a , a n d  was 
be f o r e  depos i t i o n  o f  P a l e o g e n e  
se d i m e n ts wh i c h  u n c o n f o rma b l y  ove r l a p  t h e  Q i sh n Forma t i o n  i n  
t h e  A i n  S a r i t  a r e a , wh e r e  m o r e  t h a n  1 0 0 0  m h a d  b e e n  e r oded 
away . 
F r o m  t h e  e n d  o f  t h e  P a l e o c e n e  t o  t h e  b e g i n i n g  o f  Eoce n e , 
t h e  bas i n  b e c ome ext r eme l y  w i d e , f o r  a g e n e r a l i z ed 
t r a nsg r ess i o n su b n e r g e d  the southe ast m a r g i n  of the Ara b i a n  
P e n i nsu l a . T h e  b a s i n ,  wh i c h  o p e r a t e d th roughout t h e  Eocene , 
r e c o r d e d  a f i rst pe r i od o f  r e gress i o n  i n  t h e  L a t est Ea r l y  
Eoc e n e , a n d  t h e  sea r eg r essed p e rma n e n t l y  i n  t h e  L a t e  Eocene . 
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Th e e a r l i est sed iments d ep os i t ed i n  t h e  bas i n  were 
t h i c k  success i o n  o f  very b i o c l ast i c  l i m est o n e  ( Ha s i k  Membe r 
o f  t h e  Umm e r  Radhuma Forma t i o n )  d e p os i t e d  l n  a warm 
e p i co n t i n e n t a l o n  a subs i d i n g c o n t i n e n t  sh e l f  ( m i n imum r a t e  
o f  sed i m e n t a t i o n  r e a ch e d  1 2 0  m / M a ) . 
T h e  depos i t s  r e a c h e d  a max i mum th i ck n ess o f  a bo u t  6 0 0  m 
i n  t h e  c e n t r e  o f  t h e  bas i n  s i t u a t e d  be twe e n  t h e  Ru b ' a l  Kha l i  
a n d  t h e  east o f  D h o f a r ; a n d  2 0 0 - 3 0 0  m i n  t h e  l ess su bs i d i ng 
n o r t h  m a r g i ns t o  t h e  east o f  S a u d i Ara b i a  a nd Qa t a r ; a n d  3 0 0  
m o n  t h e  sou th e r n  m a r g i n  i n  S o u t h  Y eme n . 
F r om 
r e g r ess i o n 
t h e  e n d  o f  
( d e p os i t i o n  
t h e  
o f  
M i dd l e  
t h e  
i l l e r d i 9 n , a 
Mud d a y  membe r )  
g e n e r a l 
l e d t o  
progress i v e  d e v e l opm e n t  o f  a v e r y  rest r i ct ed e n v i r o nm e n t  i n  
t h e  C u i s i a n , w i t h d e p os i t i o n  o f  evap or i t es ( Suddah Evapo r i t e  
f a c i es o f  t h e  Rus Forma t i o n ) l n  a st r i n g o f  sma l l  bas i ns , 
w i t h  a mode r a t e  sed i m e n t a t i o n  r a t e  o f  a bo u t  2 0  m / M a . 
Th e r e g r ess i o n  , r e l a t e d  t o  a c omp r ess i v e  t e c t o n i c  phase 
( py r e n e e n  a g e ) c ompr ised o f  seve r a l p e r i ods o f  e m e r g e n c e  
r e c o r d e d  by c o l l a pse st r u c t u r es . 
Th e end o f  t h e  C u i si a n , o r  e a r l y  Lu t e t i a n , m a rk e d  a new 
t r a nsg r ess i on . Th e sea p r og r ess i v e l y  i nv a d e d  t h e  sh e l f ,  a nd 
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depos i t ed t h e  ma r l - c a r bo n a t e  sed i me n ts o f  t h e  G a h i t  membe r 
( Rus Forma t i o n ) i n  r est r i c t e d  subt i d a l t o  i n t e r t i d a l 
e n v i r o nme n ts , wh i c h p asse d  t o  more o p e n  e n v i r o nme n t  f o r  
d e pos i t i o n  o f  t h e  sh a l ey - c a r b o n a t e  sed i me nts o f  t h e  Andhur 
Memb e r  ( Dammam Forma t i o n ) . 
Th e l o c a l d iscont i nu i t y a t  the b ase o f  And h u r  member 
rec ords the st r u c t u r a l i nstab i l i ty wh i c h  c o n t i nued t h roughout 
t h e  e a r l y  Lu t e t i a n . The sea was w e l l  est a b l ish e d  in the 
m i dd l e / l a t e  Lut e t i a n  and i n  the B a r t o n i a n , a nd depos i t ed the 
v e r y  b i o c l ast i c  c a r b o n a t es of t h e  upper members of the Dammam 
F o rma t i o n . 
. F r o m  t h e  L a t e  B a r t o n i a n , r e n ew a l o f  st r u c t u r a l 
i nsab i l i ty was r e c o r d e d  i n  t h e  H e i r o n  memb e r . Th e g e n e r a l i z ed 
r e g r es.s i o n , a f f e c t i n g the It/ho l e  of t h e  sea cover ing the 
Ar a b i a n  P l a t f o rm , c o n s i d e r a b l y  r e d u c e d  the S l z e  of  t h e  bas i n  
wh i ch , h ow e ve r , p e rs ist ed I n  Dh o f a r , a n d  t h e  v e r y  b i o c l astec 
l i nest o n e  of the Ayd i m  F o rm a t i o n  was d e p os i t e d  du r i ng the 
La t e  E o c e n e . F r om 
e vo l u t i o n  c o n t i n u e d  
th is p e r i od 
sepa r a t e l y  
o n , 
f r om 
Dh o f a r ' s  
t h a t  o f  
g e odynam i c  
t h e  Ara b i a n 
P e n i nsu l a , a n d  D h o f a r  was o n e  o f  t h e  b o r d e rs t h a t  r e corded 
the e f f e cts of p r e - r i f t i ng ,  then ope n i ng of the Gu l f  of Ad e n . 
The l i m i t  o f  t h e  Pr i a bo n i a n  ma r i n e  b as i n  was p r o ba b l y  n o  
f a r t h e r  t h a n  4 0 - 5 0  k m  n o r t h  f r om t h e  p r ese n t  coast l i n e ,  and 
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w a t e r  o n l y  a f ew m e t r es d e e p , i n  l a goons w i t h p e n e r o p l i ds and 
cora l s ,  covered south e r n  D h o f a r , wh e r e  the sed i m e n t a t i o n  
r a t e , o f  l ess t h a n 2 0  m j Ma , i nd i c a t e d  t h a t  su bs i d e nc e  had 
s l ow e d  d ow n . 
P r o g r ess i v e  u p l i f t f i n a l l y resu l t ed I n  c l osu r e  o f  the 
ma r i n e  basi n ,  and g e n e r a l i z e d em(, r g e n c e  of  Dho f a r  at t h e  e nd 
o f  t h e  L a t e  Eoc e n e , t h e n  e l o n g a t e  depress i o ns ,  o n  t h e  edge o f  
the p r ese n t  c o a st l i n e , w e r e  occup i e d b y  b r a ck ish l a goons , 
wh e r e  Z a l umah Forma t i on c a r bo n a t e ds , i n d i c a t i n g  p a l ust r i n e  
a n d  l a c ustr i n e  e n v i r o nme nts , w e r e  deposi t ed . 
I n  r e g i ons n e i g h bou r i ng D h o f a r  ( Y emen , Soma l i a ) up l i f t 
was p r o ba b l y  g r e a t e r , a n d  l o c a l i z e d e r os i o n o f  c r ysta l l i n e  
basene n t  r o cks , st r i pp e d  f i rst o f  se d i me n t a ry cove r , 
l i be r a t e d  u r a n i um sa l ts wh i ch became t r a pped i n  Z a l umah 
Forma t i o n  depos i ts . 
At t h e  b e g i n i ng o f  t h e  O l i g o c e n e , t h e  ext e n t i o n started 
i n  t h e  l a t est La t e  E o c e n e  i n c r eased a br u b t l y  w i th p r o g r ess i ve 
s i n k i ng 
t r e n d i ng 
o f  t h e  south marg i n  o f  Dho f a r , c r e a t i ng a n e w  e ast ­
l ag o o n a l -ma r i n e  b a s i n .  I n  t h i s  bas i n ,  � l a y -
sa ndst o n e - c a l c a r e n i t e  a l t e r n a t i o ns ( S h i z a r  membe r )  i nd i c a t e  
v e r y  sh a l l ow w a t e r , a n d  c o n t r ast i n g t op o g r a phy , w i t h  passag e  
f r om a nummu l i t e -supp o r t i n g ma r l n e p a l e o e n v i r o nme n t  t o  
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cont i n e n t a l c o n d i t i ons \� i t h a c o ast l i n e  o c cu p i e d by mamma ls . 
D u r i ng t h e  same p e r i od , sa nd , o r i g i n a t i ng f r om ma r i n e  
sed i m e n t a t i o n , d e p os i t ed i n  t h e  Sh i z a r  member i n d i c a tes 
r eg i o n a l t e ct o n i cs t h a t  d e f ormed the m a r i n e  i n t o  h o rsts a n d  
gra b e ns , a n d  l ed t o  e r os i o n  o f  e m e r g e d  base m e n t  rocks west o f  
Dho f a r . Th e s e a  o n  Dho f a r ' s so u t h e r n  b o r d e r  bec ome 
p e rma n e n t l y  est a b l ished , a n d  f o rmed sh a l l ow l a go o ns w i th 
p e n e r o p l i ds ( Na k h l i t membe r )  . The sed i m e n t a t i o n r a t e , 
exce e d i n g 1 3 0  m / Ma , l o c a l l y c h a r a c t e r i z e  z on es where 
subs i d e n c e  on t h e  she l f  d u r i ng t h e  o l i g o c e n e  was most 
p r onou n c e d . 
Ac c e l er a t i o n  o f  p r e - r i f t i n g a t  t h e  e n d  o f  t h e  e a r l y  
O l i g oc e n e  c r e a t e d  t h e  l a rg e  f a u l ts wh i c h bound t h e  p r ese n t  
g r a b e n s , f o l l o�ed b y  subma r i n e f o u nd e r i ng o f  t h e  sou t h e r n  
p a r t  o f  t h e  m a rg i n , l oc a l l y t o  depth o f  more t h a n 3 0 0  m ,  
i n i t i a t e d  depos i t i o n  o f  t u r b i d i t es , meg a br e c c i a  a n d  s l umps a t  
t h e  f o o t  o f  su bma r i n e s l op e  ( Mughsa y l F o rma t i o n  ) .  
Th i s  ma j o r e v e n t  c o n t i n u e d  w i th r ewo r k i ng o f  t h e  sh e l f  
sed i m e n ts , r e d e p os i t e d  as t u r b i d es , u p  t o  t h e  M i dd l e  o f  the 
Burd i g a l i a n ( Ea r l y  M i o c e n e ) w h e n  r i f t i ng o p e r a t ed , and ocean 
f l o o r  f i rst appe a r e d . In  t h e  f i n a l stage f o l l ow i n g  r i f t i ng ,  
upwa rp i ng o f  t h e  marg i ns t i l t ed the who l e  o f  t h e  D h o f a r  t o  
t h e  n o r t h , e n d e d  t u r b i d i t e  sed i m e n t a t i o n , a n d  r e j u v e n a t e d  the 
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f a u l ts ,  a n d  c r e a t e d  topography wh i ch is reg i on a l bou n d a r y  
a bo u t  t h a t  o f  t h e  prese n t  reg i o n . Up l i f t o f  Dh o f a r  c a used 
a lmost t o t a l r e g r ess i o n o f  t h e  sea , a nd i n t e nse e r os i o n  o f  
the n ew l y  c r e a t ed c l i f fs , f a voured by a hot a n d  hum i d  
c l i ma t e , g e n e r a t e d  a c o n g l om e r a t e  sequ e n c e  ( Adown i b  
Forma t i o n )  d e p os i t e d  f i rst i n  t h e  M i o c e n e  o n  a v e r y  sh a l l ow 
she l f . O n l y  l i m i t e d t Q c t o n i c  a d j ustm e n ts o c c u r e d  a f t e r  
depos i t i on o f  t h e  Adown i b  Format i o n , a n d  Dh o f a r  e n t ered a 
cont i n e n t a l st a g e  w i t h depos i t i o n  o f  t h e  N a a r  F o rma t i o n . 
I n  t h e  e a r l y  Q u a t e r n a r y , p l uv i a l ph ases c r e a t ed the 
p rese n t  d r a i n a g e  system , 
i n c r e as i ng l y  l i m i t ed l n  
i n  wh i c h  a l l uv i a l  d e posjts became 
ext e n t  as Wad i e n t r e nchment 
progr essed . I n t e nse k a rst i f i c a t i o n o f  t h e  l i mest o n e  mass i f s ,  
accomp a n i e d by t r a v e r t i n e d e posi t i o n , 
epoch . 
o c c u r e d  du r i ng the 
I n  the H o l oc e n e , an i n c r e a s i n g  a r i d  c l i m a t e  r e d u c e d  the 
ext e n t  of  a l l u v i u m  d e p os i t i on wh i c h  is l i m i t ed ma i n l y  t o  the 
f o o t  of  c l i f fs a l o n g  t h e  c o asta l P l a i n . A l l th ese events 
comp r ise t h e  l ast f e a t u r es o f  the g e o l og i c a l  e v o l u t i o n  o f  
Dho f a r . 
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HYDROGE OLOG I C  SE TT I N G  OF T HE SALALAH PLAIN 
Th e hydrog e o l og y  a n d  g r o u n d  w a t e r  resources o f  t h e  
S a l a l a h  P l a i n  w a s  i nv est i g a t e d  b y  T a y l o r  ( 1 9 7 9  ) , Gadd is 
1 9 7 8  ) and Ha l c r ow ( 1 9 7 7  ) . A summary i s  p r esented h e r e  : 
The sh a l l ow c o a sta l P l a i n  c o ns i st s  o f  a ser i es o f  
l i mest o n es wh i ch r a ng e  i n  t i me f r om Upper O l i g o c e n e  t o  
P r ese n t  Th i s  l i mest o n e  ser i es ove r l i es a n  O l i g o c e n e  s i l t y  
sa nds , g r a ve ls sa nds , s i l ts ,  a n d  c l a ys o c c u r  i n  l e nses and 
ba nds that are i n t e r bedded w i t h i n  the l i mest o n e s . Post ­
M i o c e n e  su r f i c i a l  depos i t  g e n e r a l l y o c c u r  i n  two d ist i n ct 
f o rms n am e l y , Wa d i  d e p os i ts a n d  m i l i l i t i c - l i mest o n es . B o t h  of 
these d e pos i ts appe a r  to b e  somehow perme a b l e . I n  some p l a c es 
l ow p e rme a b i l i t y  s i l ts a n d  c l a ys ex ist betwe e n  these 
su r f i c i a l  d epos i ts a n d  l ow e r  f o rma t i o ns . 
The M i oc e n e  sed i me n t a ry sect i o n  wh i ch u n d e r l i es the 
su r f i c i a l  depos i ts c o ns i sts o f  an u p p e r  a nd a l ow e r  member . 
Th e u p p e r  memb e r  i s  a n  i n d u r a t e d  l i mest o n e  c o n g l om e r a t e  wh i ch 
a c ts as a co n f i n i ng or sem i - c o n f i n i ng b e d  t o  t h e  l ow e r  more 
perme a b l e  z o n e . H oweve r , th i s  upper member may b e  e r oded 
c omp l e t e l y in t h e  sout h - c e n t r a l p a r t  o f  t h e  S a l a l a h  P l a i n  . 
The l ow e r  m€mbe r  i s  a p i nk , we l l - c em e n t e d  mar l y  l i mest one 
wh i c h  c o n t a i ns s i g n i f i c a n t  second a r y  p o r os i t y  ( so l u t i o n 
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c av i t i e s )  a n d  f o rms the uppe r p a r t  o f  a n  i n t e r va l o f  h i gh 
p e rme a b i l i t y w i t h i n  the S a l a l a h  P l a i n  a qu i f e r . 
T h e  O l i g oc e n e  Taqah Forma t i o n  wh i ch u n d e r l i e s  t h e  
M i o c e n e  s ed i me n t s  c o n s i s t s  o f  a l i m e s t o n e  memb e r  u n d e r l a i n  by 
a g r e e n  s i l t y  s a n d  member . The l i m e s t o n e  member i s  a w h i t e  t o  
c r e a m  g r a n u l a r  l i m e s t o n e  wh i c h  a l s o  c o n t a i n s  s e c o n d a r y  
poros i t y  ( a t l e a s t  n e a r  the t o p ) a n d  f o r m s  t h e  l ow e r  p a r t  o f  
t h e  h i g h - p erme a b i l i t y i n t e rva l o f  t h e  S a l a l a h  P l a i n  a qu i f e r  . 
Th i s  h i g h  O l i g o c e ne l i m e s t o n e  c o n s t i t u t e s  t h e  ma i n  
p r odu c t i o n  z o n e  � i th i n  t h e  S a l a l a h  P l a i n  a qu i f e r . W a t e r ­
b e a r i n g h or i z on s  w i t h i n  th i s  i nt e rva l a r e  g e n e r a l l y l e s s  t h a n  
t h r e e  m e t e r s  th i ck . T o  a l e s s e r  e x t e n t  pr i m a r y  p o r o s i t y 
a s s o c i a t ed w i t h  t h e  gra i n y s t r u c t u r e  o f  t h e  c r e a m  g r a n u l a r  
l i m e s t o n e  a l s o  c o nt r i bu t e s  t o  a qu i f e r  t r a n sm i s s i v i ty . 
H ow e v e r , i n t e r f e r i ng ma r l  b e d s  w i t h i n  th i s  member 
i n c r e a s e  i n  n u m b e r  w i t h d e p t h  a n d  t e n d  t o  r e s t r i c t  v e r t i c a l  
moveme n t . The g r e e n  s i l t y  s a n d member o f  t h e  Taqah f o rma t i o n 
wh i ch u n d e r l i e s  t h e  c r e a m l i m e s t o n e  i s  r e l a t i ve l y  i m p e rme a b l e  
a nd f o r m s  t h e  b a s e  o f  t h e  a qu i f e r  s y s t em . 
The h y d r o g e o l og i c a l s e c t i o n  o f  t h e  s h a l l ow c o a s t a l  p l a i n  
s t r a t i g r aph i c  s eq u e n c e  i s  shown a s  F i g . 6 .  Th e r e  i s  
c o n s i d e r a b l e  r e l i e f  i n  t h e  s u r f a c e s  o f  t h e  O l i g o c e n e  a n d  
M i o c e n e  
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T H E  GRAV I TY MAP 
Th i s  m a p  ( F i g . 7 ) r e f l e c t s  t h e  c h a n g e  i n  t h e  n o rma l 
e a r t h , s  g r a v i ty f i e l d . The c o n t ou r  i n t e rva l o f  th i s  map i s  
0 . 5 m i l l i g a l . 
A b r o a d  g r a v i t y l ow i s  f ou nd t o  o c cupy m o s t  o f  the 
S a l a l a h  P l a i n . Th e a x i s  o f  th i s  a n oma l y  r u n s  E - N E  l i k e  the 
mag n e t i c  o n e  Th e m i n i mum o b s e r v e d  g r a v i t y  va l u e  i n  t h i s  map 
is - 9 7  m i l l i g a l . The o b s e r ve d  va l u e  n e a r  the Ar a b i a n  Sea i s  
a r o u n d  - 8 7  ruga l a n d  i s  a r ou nd - 7 3  n e a r  Wa d i  S a h a l n o u t  ( i n the 
e x t r e m e  n o r t h e r n  p a r t  of  t h e  the g r a v i ty ma p )  . 
I t  s e em s  t h a t  t h e  br o a d  g r a v i t y l ow ( - 9 7  mga l )  i n d i ca t e s  
a dep r e s s i o n  l i k e l y  t o  b e  f i l l ed w i t h s e d i m e n t s . T h e  a n a l y s i s  
o f  t h e  g r a v i ty l ow i s  m a d e  t h r ough p r o f i l e A - A ' ( l oc a t i o n  
sho� n  o n  t h e  g r a v i y  ma p )  . 
S u p e r impo s e d  o n  t h e  ma i n  g r a v i ty l ow , t h e  g r a v i ty map 
shows s om e  n o s i ng O n e  s u c h  n o s i ng , wh i c h s e em s  t o  h a v e  been 
caused by a h i g h  d e n s i t y  source of  s h a l l ow n a t u r e , i s  
o b s e rv ed s ome 5 km s o u t h  o f  Wa d i  J a r s i s  
n o s i ng w i l l  be i n t e rp r e t ed i n  a l a t e r  s e c t i o n  
Th i s  p o s i t i v e  
T h e  s t e e p  g r a v i ty g r a d i e n t  wh i ch e n comp a s s e s  the 
nor t h e r n  s e ct o r  of  t h e  g r a v i t y  map ( F i g . 7 ) s e e m s  t o  c o i n c i d e  
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w i t h m a j o r n o rma l Fau l t i ng wh i ch a f f e c t e d  t h e  a r e a  
c on t empo r a n e ou s l y  w i t h t h e  G u l f  o f  Aden . The i m p a c t  o f  th i s  
n orma l Fau l t i n g  o n  t h e  s t r u c t u r a l s e t u p  o f  t h e  ma i n  aqu i f e r  
i n  t h e  S a l a l a h  P l a i n  w i l l  be d i s c u s ed La t e r  o n  . 
D u e  t o  t h e  l a c k  o f  t h e  l i t h o l og y  d a t a  d e e p e r  t h a n  the 
s h a l l ow s e c t i o n wh i c h w a s  d r i l l ed for water p u r po s e s , a 
d e n s i t y  c o n t r a s t  o f  - 0 . 4  gm / c c w a s  a s sumed betwe e n  a g r a n i t i c 
b a s e m e n t  a nd t h e  o ve r l y i ng s e d i m e n t a r y  s e c t i o n . 
Re sidua l g r avity a n oma l ie s 
T h e  B o ug ue r  g ravl ty ma p o f  the Sa l a l a h P l a i n  c o n ta i n s  
few l oca l fea t ure s o f  i n t e r e s t .  The s e  fea t ure s a re p robably 
ob s c ured by the s t rong g ravi ty g rad i e n t . T h i s reg i o na l i s  
pa r t l c ul a r l y  ob s e rved a t  the n o r th e r n  h a l f o f  t h e  g ravl ty 
map . ( s e e  B o ug ue r  g ra v i ty map , ( Fi g . 7 ) . 
A p romi n e n t  p o s i t i ve gravi ty n o s e  i s  n o ted s ome 6 . 0  km 
to t h e  s o uth o f  Wad i  Ja r s i s  a n d  about 4 . 5 k m  t o  t h e  n o r th of 
t h e  town of Sa l a l a h ( Fi g . 4 ) . The geol o g i c map of t h e  Sa l a l a h 
P l a i n · ( Fi g . 4 )  do e s  n o t  i n d i ca te any s ur fa c e  s t r uc t ural o r  
s ed i me n t o l og l ca l  s o urce f o r  t h e  ob s e rved g ravi ty n o s e . 
Fi g . B .  i s  a rep r o d uc t i o n o f  p a r t  o f  t h e  B o ug ue r  map s howi ng 
th l s  n o s e . Judg i n g  f rom t h e  a t t l t ude o f  t h e  g ravi ty reg i on a l  
l n crea s e  towa rds Jaba l Qa ra wh i ch s e ems to be a n  i n te n s e  
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mon o tonou s l n c rea s e  o f  th l s  reg i on a l  to the n o r t h , a s i mp l e  
a n a l y t i ca l tech n i qu e  fo r de t e rm i n i n g t h e  reg i on a l  g r av i ty i s  
u s ed . 
Th i s  tech n l qu e  requ i re s  the de te rmi n a t i o n  o f  the 
reg l o n a l  g r avl ty by po l yn omi a l  f i t t i n g  . Th e  g ravl ty reg i on a l  
l S  expre s s ed ma thema t l ca l l y  a s  a two - d l me n t i o n a l  p o l y n oml a l  
o f  the fl r s t  o rde r (Ag o c s , 1 9 5 5 )  o f  the f o rm : 
Z ( X , y ) = AX + By + C 
wh l ch l S  s l mp l y  a n  l n cl i n ed p l a n e . T h e  r e s l du a l  g ravl ty 
fu n c t l o n  R f o r  the ob s e rved g ravl ty f i e l d  G i s  ; 
R = G - z  = G - ( AX  + By + C )  
t h a t  
The d e t e rm i n a t i o n  o f  t h e  con s ta n t s A ,  B ,  a n d  C 
wi l l  ma k e  R a m l n i mum l S  fu l fi l l ed by s e t t i n g  up 
t h r e e  l e a s t - s qu a re s  equ a t i on s . 
A FORTRAN 7 7  p rog ram wa s w r i t ten by Kh a t tab ( Pe r s o n a l  
Commu n l ca t i on , 1 9 9 4 ) f o r  th l s  purpo s e . T h e  r e s u l ta n t  
re s l du a l  g ravl ty map l S  s hown o n  Fl g . 9 .  The sma l l e r  
ma g n l tude o f  re s i du a l  a n oma l y  ( abou t 0 . 8 mGa l ) s u gge s t s  a 
sma l l e r de n s i ty c o n t ra s t  o f  the s ou rce . The n e a r l y  c i rcu l a r  
fo rm o f  th l s  a n oma l y  s u g ge s t s a n  a l mo s t  equ i d i me n s i o n a l  
body , proba b l y  s ph e r i ca l  i n  s h ape . 
G r av i ty P r o f i l e  K - K ' ( F i g . l 0 )  
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I t  i s  made t o  s amp l e  a n d  eva l u a te the dep th a n d  radi u s  
o f  a n  
en ti r e  
a s s umed body o f  c i rcu l a r  c ro s s  s e c t i o n . As s umi n g  the 
ma s s  
conce n t r a ted 
o f  
a t  1 t s  
the po s tu l a ted 
cen t r e , the 
sphe r i ca l  s o u rce 1 S  
dep th to cen tre a nd the 
radi u s  were made u s i n g Ne t t l e to n ' s  ( 1 9 7 6 , Fi g . 7A- 1 )  a n a lys i s  
f o r  sph e r i ca l  bod l e s  The ca l cu l a ted g ravi ty wa s p e r f o rmed 
u s i n g a FORTRAN 7 7  prog ram w r i t te n  by Kh a t tab ( Pe r s o n a l  
C ommu n 1 ca t 1 on , 1 9 9 4 ) . The de n s 1 ty co n t ra s t s be tween the 
cau s a t i ve 
equ a l  to 
body 
+ 0 . 2  
a n d  the 
g / cc . 
s u rroundi n g  bed rock i s  a s s umed a s  
The depth t o  cen t r e  wa s found t o  be 
0 . 84 k m , the r a d 1 u s  o f  the s ph e r i ca l  body equ a l  to 0 . 3 3 km 
a n d  the depth t o  top o f  the body i s  equ a l  t o  0 . 5 1 k m  ( be l ow 
s e a  l ev e l ) . 
The i n s pe c t i o n  o f  the g e n e ra l i z e d  geo l og i c  s e c t i o n 1 n  
the S a l a l a h P l a i n  ( Fi g . 6 ) a t  the approxi m a t e  dep th de r i ved 
f o r  the po s tu l a ted sphe r i c a l  s ou r ce s u g g e s t s a de n s i ty 
con t ra s t  ( 0 . 2  g / c c )  wh i ch may r e s u l t  s omewh e re 1 n  the middl e 
Ol l gocen e between the l i me s to n e  a n d  the ma r l y  fo rma t i o n s . 
I t  1 S  b e l 1 eved th a t  the upwa rp cau s ed by t h i s body s h ou l d  
a f f e c t  the s h a l l owe r s e c t i o n  i n  th i s  a re a . T h e  envi ronme n t a l  
i mpa c t  o f  t h e  dedu ced geophy s i ca l  re s u l t o n  t h e  ma i n  S a l a l ah 
aqu i fe r  w 1 l l  be d1 s cu s ed i n  a l a te r" s e c t i o n . 
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THE MAGNE TIC MAP 
I t  s h o w s  t h e  va r i a t i o n  o f  the t o t a l magnet i c  i n t e n s i ty 
o f  t h e  e a r t h ' s f i e l d . Th i s  map shO\-Js a broad ova l - shaped 
magne t i c  a n oma l y . The a x i s  o f  th i s  a n oma l y  r u n s  E - N E . Th e 
mag n e t i c  va l u e s  a r e  f o u n d  t o  i n c r e a s e  f r om the s ou t h ( the 
A r a b i a n  S e a  a n d  a l s o  f r om the \'� e s t  ( S a h a l n o u t  a n d  h/est 
J a r s i s )  t ow a r d s  the a x i s  of th i s  a n oma l y . 
T h e  m a g n e t i c  v a l u e s  n e a r  Dah a r i z  a n d  S a l a l a h  town a r e  i n  
the r a ng e  o f  3 6 0 - 3 7 0  g a mma . The va l u e s  a t  W e s t  S a h a l n ou t  a r e  
i n  t h e  o r d e r  o f  3 5 0  g a mma . H ow e v e r  I t h e s e  va l u e s  a r e  h i gher 
a n d  t h e s e  are i n  the o r d e r  of 4 3 0 - 4 3 5  g a mma a t  the a x i s  of 
t h e  broad m a g n e t i c  a n oma l y . 
Sma l l e r  m a g n e t i c  a n oma l i e s  a r e  f o u n d  s c a t t e r e d  i n  many 
l oca l i t i e s  in t h e  m a g n e t i c  map ( F i g . l l )  T h e s e  a n oma l i e s  ( e . g .  
th e o n e  n e a r  S a l a l a h  a n d  t h e  a n oma l y  n o r t h  o f  A�q a d  ) may 
have t h e i r  o r i g i n  i n  the s e d i m e n t a ry s e c t i o n  . 
A m a g n e t i c  p r o f i l e  B - B ' w a s  · ma d e  a cr o s s  t h e  ma i n  
mag n e t i c  a n oma l y . T h e  e va l u a t i o n  o f  th i s  p r o f i l e  w i l l  b e  made 
in c o n j u n c t i o n  w i t h  the g r a v i ty p r o f i l e wh i ch i s  made a cr o s s  
t h e  g r a v i t y  m a p  
3 8  

I NTE RPRE TAT I ON O F  GRAV I TY AND MAGNE T I C  
DATA O F  T H E  SALALAH P LA I N  
The g r a v i t y  a n d  t ot a l m a g n e t i c  f i e l d s  o v e r  t h e  S a l a l a h  
P l a i n , S u l t a n a t e  o f  Oma n , h a v e  shown o n e  s i g n i f i c a n t  Bouguer 
g r a v i ty a noma l y  a n d  a c o r r e s p o nd i ng t o t a l m a g n e t i c  i n t en s i ty 
a n oma l y . I n  a dd i t i o n t o  t h e  ma j o r g r a v i t y  a n d  mag n e t i c  
a n oma l i e s , s e v e r a l l o ca l i z e d  g r a v i t y  a n d  magn e t i c  a n oma l i e s  
a r e  n o t e d  o n  b o t h  t h e  B o u g u e r  g r a v i t y a n oma l y  m a p  o f  the 
S a l a l a h  P l a i n  
( F i g . 1 1 )  
( F i g . 7 )  a n d  t h e  t ot a l ma g n e t i c  i n t e n s i t y  map 
An i nt e rpr e t i ve pr o f i l e o f  2 2  Km I n  l e n g t h  i s  made 
a c r o s s  the Sa l a l a h  P l a i n  ( F i g s . 7 a n d  1 1 ) . Th i s  p r o f i l e r u n s  
� - S  a n d  both t h e  g r a v i t y a n d  m a g n e t i c  c o v e r a g e  a r e  comp i l e d  
a n d  c o l l e c t i v e l y  i n t e r p r e t e d . The mod e l e d s u b s u r f a c e  g e o l ogy 
wh i c h  g i v e s  t h e  b e s t  f i t  to t h e  o b s e r v e d  g r a v i t y  a n d  magnet i c  
c u r v e s  i s  i l l u s t r a t e d a t  t h e  l owermo s t  p a r t  o f  F i g . 1 2 .  
T h e  o b s e r v e d  g r a v i t y r e l i e f  a c r o s s  t h e  g r a v i ty p r o f i l e  
( A  - A I ) amou n t s  t o  a va l u e  o f  4 3 0  mga l . Th e l owermo s t  curve 
( F i g . 1 2  shows t h e  o b s e rved g r a v i ty a n d  t h e  c ompu t e d  g r a v i ty 
r e s u l t i ng f r om t h e  i nd i c a t e d  s u b s u r f a c e  s e c t i o n . The 
t h e o r e t i c a l g r a v i ty wh i ch g i v e s  the be s t  f i t  to the obse rved 
g r a v i ty is d e n o t e d  by c i r c l e s . 
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I t  i s  shown t h a t  the o b s e rved g r a v i t y  r e l i e f  a l ong A - A I 
i s  e xp l a i n ed by t h e  va r i a t i o n o f  t h e  a l t i t u d e  o f  the 
c o n t i n e n t a l  b a s e m e n t  t op o g r a phy . The va r i a t i o n  in  e l ev a t i o n  
o f  t h i s  b a s em e n t  r a n g e s  f r o m  a l ow va l u e  o f  6 . 0  K m  b e l ow s e a ­
l ev e l ( B S L )  t o  a s h a l l ow va l u e  o f  n e a r  2 . 5  K m  ( B S L ) . 
Th e r e  1 S  n o  i n f o rma t i o n  on t h e  m i n e r a l og y  o f  the 
b a s em e n t  as no d a t a  are a va i l a b l e  a bo u t  we l l s wh i ch r e a ched 
th i s  b a s eme n t . H o w e ve r , a d e n s i t y  c o n t r a s t  va l u e  of - 0 . 4  g l cc 
i s  s u g g e s t e d  a s  r e a s o n a b l e  f o r  a c o n t r a s t i ng l i t h o l ogy 
betwe e n  a g r a n i t i c b a s em e n t  a nd an a v e r a g e  d e n s i t y  va l u e  for 
t h e  ove r l y i ng s ed i � e n t a r y  c o l u m n . 
Th e g e n t l e  a n d t h e  r e l a t i v e l y - smooth 1 n c r e a s e  o f  Bouguer 
g r a v i ty va l u e s  f r om the s h o r e l i n e  of the Ara b i a n  Sea towards 
t h e  c o n t i n e n t  s u gg e s t s  a g r a v i ty - d e r i ved b a s e m e n t  of a 
s l op i ng 
a n d  t h e  
c o n t a c t  o r  a f a u l t e d  i n t e r f a c e  betwe e n  t h e  s e d i m e n t s  
b a s eme n t . Howeve r , 
i l l u s t r a t e s  a b a s i n - l i k e  
t h e  n a t u r e  o f  t h e  g r a v i ty curve 
d e p r e s s i o n  i n  t h e  b a s em e n t  w i t h  
a x i s  a p p r o x i m a t e l y  c e n t e r e d  s om e  2 . 5 K m  f r om t h e  s o u t h e r n  
t e rm i n u s  o f  t h e  A - A I p r o f i l e . 
Th i s  dep r e s s i o n i s  a s sumed t o  b e  f i l l e d  w i th 
c on s i d e r a b l e  amou n t s  o f  s e d i m e n t s  a nd i s  sug g e s t e d  a s  a 
p o t e n t i a l r e s e r v o i r  f o r  grou ndwa t e r  f o r  t h e  sha l l ow e r  s e c t i o n  
a s  w e l l  a s  hyd r o c a r bo n  p o t e n t i a l  i n  t h e  d e e p  s e c t i o n . 
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The g e n t l e  t u r n ov e r  o f  t h e  Bouguer g r a v i ty c u r v e  w i t h  a n  
a X i S  a p p r o x i ma t e l y  l a y i n g  s ome 1 . 5  K m  f r om t h e  p o i n t A '  
( n o r t h e r n  t e rm i n u s  o f  t h e  A - A ' p r o f i l e )  i s  a l s o  i nt e r e s t i ng . 
G r a v i ty mode l i n g  i nd i c a t e s  a b a s em e n t  mound w i th a n  upward 
e f f e c t  on the o v e r l y i ng sed i m e n t s . Lo c a l va r i a t i on s  in the 
Boug u e r  g r av i t y va l u e s  a l ong our p r o f i l e  a r e  a s sumed t o  a r i s e  
f r om l oc a l va r i a t i o n s  i n  t h e  b a s em e n t  t opography a n d j  o r  
f a u l t i ng i n  t h e  o ve r l y i ng s e d i m e n t s . 
Th e ma j o r t o t a l mag n e t i c  i n t e n s i ty a n oma l y  a c r o s s  the 
S a l a l a h  P l a i n  ( F i g . l l )  is s i g n i f i c a n t  t o  i nt e r p r e t  t o  
i nv e s t i g a t e  i t s  r e l a t i o n s h i p  t o  t h e  g r a v i t y - d e r i ve d  b a s ement 
s u r f a c e  o n  o n e  hand a n d  t o  the l i t h o l ogy and j o r t h e  ba s ement 
t opog r a ph y  o n  the o t h e r  h a nd . 
The ma g n e t i c  p r o f i l e ( t opmo s t  c u r v e , F i g . 1 2 )  d e n o t e d  by 
B - 8 ' s u gg e s t s  g e n t l e  i n c r e a s e  o f  m a g n e t i c  va l u e s  wh e r e  a 
m a x i mum r e l i e f  o f  4 3 5  nT ( g amma ) i s  n o t e d  s ome 2 . 5 Km f r om 
t h e  p o i n t B a t  t h e  s ou t h e r n  e n d  o f  t h e  B - 8 ' p r o f i l e . 
A g e n t l e  m a g n e t i c  l ow o f  3 4 0  nT v a l u e  i s  n o t e d  a t  1 . 5 
Km f r OM t h e  p o i n t  B '  a t  t h e  n o r t h e r n  e n d  o f  t h e  B - 8 ' p r o f i l e .  
The d i r e c t  c o r r e l a t i o n betw e e n  the g r a v i t y r e s p o n s e  a n d  the 
nagn e t i c  r e s p o n s e  a c r o s s  t h e  S a l a l a h P l a i n  is not a p p a r e n t  a t  
o n c e . Th i s  s t e m s  f r om t h e  f a c t  t h a t  t h e  m a g n e t i c  e f f e c t  ( a t 
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the mode r a t e l y  l ow g e oma g n e t i c  l a t i t u d e  o f  the i nv e s t i g a t e d  
a r e a  o f  Sout h e r n  Oma n ) l S  b i p o l a r  whe r e  the n e g a t i v e  
c o u n t e r p a r t  i s  s i z a b l e . A l s o , t h e  ma g n e t i c  r e s p on s e  h a s  t o  
b e  a s c e r t a i ned w h e t h e r  i t  a r i s e s  f rom t opograph i c  v a r i a t i o n  
o f  t h e  b a s em e n t  o r  l i th o l og y  va r i a t i o n  o r  bot h . 
T o  i nve s t i g a t e  the r e l a t i o n s h i p  between t h e  m a g n e t i c  
a n oma l y  a nd t h e  g r a v i t y a n oma l y , t h e  f o l l ow i n g  a p p r o a c h  w a s  
made : 
T o  s e e  i f  t h e  a l t i t u d e  o f  the m a g n e t i c  c u r v e  a n d  the 
s i z e  of  t h e  m a g n e t i c  re l i e f  c o r r e spond to t h e  t o p og r a phy of 
t h e  ba s em e n t  s u r f a c e  a l r e a d y  d e t e r m i ned f r om mod e l i n g  of  the 
g r a v i t y  d a t a . Th e i n s p e c t i o n  of the magn e t i c  curve ( u pp e rmost 
c u r v e , F i g . 1 2 )  s ug g e s t s  g e n t l e  a nd l ow amp l i t u d e  ma g n e t i c  
a n oma l y . 
Th i s  m a g n e t i c  r e l i e f  amou n t s  t o  a n  app r o x i m a t e  va l u e  o f  
7 0  gmma ( nT )  a c r o s s  the w h o l e  l e ngth o f  t h e  B - B ' p r o f i l e . 
Th e o r e t i c a l l y  a ba s em e n t  o f  u n i f o rm s u s c e pt i b i l i t y  w i th a 
t op og r a ph i c  r e l i e f  o f  a bo u t  3 . 0 Km ( a s c a l cu l a t e d  f r om 
g r a v i ty d a t a ) a t  t h e  d e p t h s  s h ow n  i n  t h e  l owermo s t  p a r t  o f  
o u r  i n t e r p r e t i v e  p r o f i l e ( F i g . 1 2 )  shou l d  y i e l d  a magnet i c  
a n oma l y  o f  t h e  o rder o f  t e n s  o f  gamm a s . Th i s  a n oma l y  shou l d  
b e  s o  sma l l  i n  amp l i t u d e  a n d  s o  broad t h a t  s h ou l d  b e  ma sked 
by a n oma l i e s  c r e a t e d  by l i t h o l og i c  v a r i a t i o n s  w i t h i n  the 
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c r y s t a l l i n e  r o c k s  thems e l v e s  a n d  b y  t h e  ea r t h 1 s  r e g i o na l 
g r a d i e n t  To i nv e s t i g a t e  the i n d i c a t e d  p o s s i b i l i t y , a 
t h e o r e t i c a l ma g n e t i c  c u r v e  \� a s  c a l c u l a t ed u s i ng a FORTRAN 
program w r i t t e n  by Kha t t a b  ( 1 9 9 3 , P r i v a t e  Commu n i c a t i on )  
a s s um i ng a s u s c e p t i b i l i t y  v a l u e  o f  0 . 0 0 4  a n d  two-d i me n s i o na l 
c on f i gu r a t i o n ( Ta l wa n i  a n d  H e i r t z l e r , 1 9 6 3  f o r  the 
cont i n e n t a l ba s e m e n t . Th e d a shed l i n e  ( m i dd l e c u r v e  i n  
F i g . 1 2 )  s h ow s  t h e  c a l c u l a t e d  m a g n e t i c  e f f e c t . 
The r e l a t i o nsh i p  o f  t h i s  curve t o  t h e  Bouguer g r a v i t y  
c u r v e  a n d  t h e  g r a v i t y - d e r i v ed b a s e m e n t  c o n f i g u r a t i o n i s  
obv i o u s . The m a g n e t i c  m a x i mum a n d  t h e  ma g n e t i c  m i n imum 
c o r r e s p o n d  to b o t h  the g r a v i ty m a x imum a n d  t h e  g r a v i ty 
ni n imum e x c ept f o r  a n  a x i s  o f f s e t  a n d  amp l i t u d e  d i s c r e pancy . 
The a x i s  o f f s e t  b e t w e e n  mag n e t i c  a nd g r a v i t y i s  
u n d e r s t ood i n  V l ew o f  t h e  l ow i n c l i n a t i o n a n g l e  a t  th i s  
g e o l a t i t u d e . The s ma l l  ma g n e t i c  amp l i t u d e  a s  r e ve a l ed by the 
t h e o r e t i c a l  m a g n e t i c  c u r v e  ( d a s hed l i n e )  sugg e s t s  t h a t  an 
ad d i t i on a l ma g n e t i c  source shou l d  c o n t r i bu t e  for the 
d i f f e r e n c e  bet\�e e n  t h e  o b s e r v e d  mag n e t i c  curve ( u ppermost 
curve , F i g . 1 2 ) , a n d  t h e  c omp u t e d  magn e t i c s  f r om t h e  g r a v i ty -
d e r i v ed b a s em e n t . 
A ma f i c body o f  s u s c e p t i b i l i ty va l u e  o f  0 . 0 1 0  cgs i s  
a s sumed t o  con s t i t u t e  p a r t  o f  t h e  b a s e m e n t  a t  t h e  e a s t e r n  end 
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o f  t h e  mod e l . Th i s  ma f i c body c o n s t i t u t e s  t h e  b a s em e n t  r e l i e f  
wh i c h  amou n t s  t o  a l ow v a l u e  o f  2 . 5  Km . The o r i g i n  o f  th i s  
ma f i c  body cou l d  b e  a l a t e r  s t a g e  v o l c a n i c  e x t r u s i o n wh i ch 
p i l ed u p  i n  the f o rm mode l ed f r om the ma g n e t i c  d a t a . 
Th e cumu l a t i v e  m a g n e t i c  e f f e c t  o f  b o t h  t h e  b a s ement 
r e l i e f  a nd the ma f i c e x t r u s i ve is  shown by c i rc l e s  wh i c h  g i ve 
the be s t  f i t to the obs e rv e d  ma g n e t i c  c u r v e  a c r o s s  the 
S a l a l a h  P l a i n  a s s um i g  i n du c t i o n  by the p r e s e n t  e a r t h ' s f i e l d . 
Magne tic pr o fi l e  M-M ' ( Fig . 1 3 )  
T h e  l o c a L i on o f  t h i s  p r o f i l e  i s  s h own i n  t h e  t o t a l  
i n t e n s i t  n a g n e L i c  m a p  o f  t h e  S a l a l a h P l a i n  ( F i g . l l ) . T h e  
l e n g t h  o f  t h i s  p r o f I l e  � s  3 . 7 5  %m a n d  I S  m a d e  t o  e v a l u a t e  t h e  
l o c a l  m a g r: e : : c a n oma l y  s hown t o  h a v e  a n  amp l I t ud e  ( f r om p e a k  
t o  t r o u gh ) o f  -; 0  g a TILma . T h e  c e n t e r  o f  t h i s  a n oma l y  i s  
a p p r o x i m a L e l y  l o c a t e d 2 . 5 km t o  t h e  n o r t h  o f  Awq a d . 
? r e l .  l !1 a r y  ':' n s p e c t i o n  o f  t h i s  a n om a l y  s u g g e s t s  a n e g a t i v e  
t a i l t o  n o r t h  o f  a r e l i e �  l a r g e r  th a n  t h e  p o s i t i v e compon e n t . 
1 a g n e : i z a t i o n  b y  i nd u c t i o n  o f  t h e  amb i e n t  e a r t h ' s 
m a g n e t i c  f i l d i s  a s s um e d . A v a l u e  o f  0 . 3 7 0  O e  i s  g i ve n  f o r  
t h e  e a r t h ' s f i e l d . An i n c l i n a t i o n  a n g l e  o f  + 2 5  i s  t a k e n  f o r  
t h e v e c L o r  r ep r e s e n t i n g  t h e  e a r t h ' s f i e l d . A z e ro 
d e c l l n a t l cn i s  a s s  me d . T h e s e  p r i n c i p a l m a g n e t i c  f a c t s  w e r e  
a s s i gn e d  0 a d i k e o f  i n f i n i t e  d e p t h  e x t e n t . 
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Fi g . 1 3 .  Magn e t i c p r o f i l e  M-M ' ( l oca t i o n  s howi n g  i n  Fi g . I I )  
a cr o s s a n  a n oma l y  n o r th o f  Awqad . A� i n c l i n e d  dyk e  o f  
i n f i n i te dep th exten t i s  s hown to g i ve be s t  fi t b e tween 
ob s e rved a n d  compu ted magn e ti cs . Compu ted ma g n e t i c s  i s  
made by a p rog ram ( Kh a t tab 1 9 9 4 ,  P e r s o n a l  
Commu n i ca t i o n ) . 
T h e  b e s t  f i t  o f  c omp u t e d m a gn e t i c s  t o  t h e  ob s e r v e d  o n e  
( Fi g . l i s  o b � a i n e d  f o r  a d i pp i n g  ( 1 2 0  t o  t h e  s o u t h ) d i k e 
w i t h  0 . 0 1 0  ( mo d e r a t e l y  ma f i c )  c g s  s u s c e p t i b i l i t y  e x c e s s , o f  
1 . 0 k� w i d t h  a n d  a t  1 . 7 km d e p t h  b e l ow s e a  l e v e l . T h e  
f o r�u l a  f o r  t � e  d i k e a n a l y s i s  i s  f o u n d  i n  T e l f o r d  ( 1 9 7 6 ) . 
7 7  p r o g r am w r i t t e n  b y  Kh a t t ab ( Pe r s o n a l 
Corrmu n l c a t i o � , 1 9 9 4 ) wa s u s e d t o  c a l c u l a t e  t h e  t h e o r e t i c a l  
� a g � e  l C  e � f e c t . � h e  s t r u c t u r a l s i gn i f i c a n c e  o f  m a g n e t i c  
r e u l t s  i s  t r e a t e d  l a t e r  o n . 
Magn e t i c  P r o f i l e  N - N ' ( F i g . 1 4 )  
T h I S  
o f  S a l a. l a h 
p r o f i l e  i s  s ho wn l o c a t e d  s om e  1 . 5 km t o  t h e  n o r t h  
t Ovm ( r I g . 1 1 ) . A 4 h n  p ro f i  I e  i s  c o n s t r u c t e d  t o  
s o u r c e  c a. u s i n g t h e  ob s e r v e d  1 5  g amm a  m a g n e t i c  
a r: c ::Tl a l y  ( Fl g . 1 1 ) . S i m i l a r l y  m a g n e t i z a t i o n b y  i n du c t i o n  i s  
a s s u�e d t o  h a v e  c a u s e d t h e  o b s e r v e d  m a gn e t i c  e f f e c t . T h e  
� o l l o w i n g  p r i n c i p a l  m a g n e t i c  f a c t s  a r e  u t i l i z e d  : F  = t o t a l  
0 . 3 7 0  O e , I i n c l i n a t i o n  
) . 0 . l\ 
i gn e o u s  
S u s c e p t i b i l i � y  e x c e s s  o f  
b o d y ) c g s  n i t s  i s  a s s umed . 
+ 2 5 , D = De c l i n a � i o n = 
0 . 0 0 5  ( a c i d i c  o r  f e l s i c  
S im I l a r l y  d i k e  a n a l y s i s  ( T e l f o r d  1 9 7 6 )  w a s  a s s umed t o  
e xp � a i n  t h e  o b s e r ve d  m a gn e t i c  e f f e c t . T e l f o r d  f o rmu l a  w a s  
p r o g r am.'Tl e d  ( Kh a t t a b , P e r s o n a l  Corr�u n i c a t i o n , 1 9 9 4 ) a n d  t h e  
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Fl g .  1 4  . Ma gne t i c p r o f i l e  N-N ' ( l o ca t i on s hown I n  F i g . l l  
acro s s an anoma l y  no r th o f  the S a l a l ah town . An 
i n c l i n e d  di k e  o f  i n f i n i te depth ex ten t exp l ai n s  the 
ob s e rved cu rve . A FORTRAN p rogram ( Kh a t tab 1 9 9 4 , 
P e r s o n a l  C ommun i ca ti on )  i s  w r i tten t o  calcu l a t e  the 
magne t i c e f f e c t . 
b e s t  f i t  o f  t h e  c omp t e d  t o  o b s e r v e d  m a g n e t i c s  i s  f o u n d  t o  
b e  a c h i e v e d  f o r  a d i pp i n g ( 1 0 0 °  t o  t h e  s o u t h )  d i k e a t  1 . 8 km 
· e p t h  b e l ow s e a  l e v e l . T h e  i mp a c t  o f  t h i s  d i k e  o n  t h e  
s t ru c t u r a l  s e t u p  
l a t e r  s e c  o n . 
o f  t h e  ma i n  S a l a l a h a qu i f e r  i s  f o u n d  i n  a 
Magn e t i c  P r o f i l e  0 - 0 ' ( F i g . I S )  
.74. l o c a l  m a g n e -c i c  c noma l y  o f  a bo u t  1 5  gamm a  r e l i e f  VJ i t h  
c e n  e r  s om e  :] . a .:m _ 0  t h e  n o r t h  o f  D a h a r I z  i s  e v a l ua t e d . 
� h e  b e s t  � i t  b e t: w e e n  c ompu t e d ma g n e t i c s  a n d  o b s e r v e d  
. 1 a g r: e l: i c s  l S  '::- 0 u n  t o  b e  a s c e r t a 1 n e d  w h e n  a t h i n  p l a t e  o f  
f i n i t e  � i d � h  a n d  i n f i n i t e  e x t e n t  a l o n g  i t s  s t r i k e i s  
c s s u:r,e d . L_ l.l p l a � e  : o r:m l a s a r e f o  n d  i n  T e l f o r d  ( 1 9 7 6 ) _ 
r. FOr. :' ?..=-1'J 7 7  p r o g r am w r i L t e n b y  ( Kh a t t a b , P e r s o n a l  
C o��un l c a t 1 o � , 1 9 9 :] ) 1 S  � a d e  t o  co�p u t e  t h e t h e o r e t i c a l  
:r.c. gr: e t  i c e : f e c t  o f  a n  a s s  rn e d  p l a t e _ T h e  a p p r o p r I a t e  
l :n e r: s l O :l S  0 :  -c h i s p l a l: e  a r e  f o u n d  t o  b e  0 . 6 5  km w i d e , 2 . 6 
d e p t h  ( b e l ow s e a  l e v e l ) I t h i c k n e s s  o f  0 . 5 km . A 
s u s c e p -c i b i l i t y  e x c e s s  o f  0 . 0 0 8  c g s  ( t r a c h y t i c  i n  
co::r.p o s  i t i o D ) 1 S  f o u n d  t o  e xp l a i n t h e  o b s e r v e d  amp l i t u de o f  
t h i s  c. r. oma l } . T h e  p r i n c i p a l m a g n e t i c  f a c t s  u s e d  i n  t h i s  
a n a l Y S i s  a r e  s l m i l a r  t o  h o s e  u s e d  f o r t h e  d i k e a n a l y s i s . 
T h e  i mp a c t  o f  t h i s  p l a t e  o n  t h e  s t r u c t u r a l  s e t u p  o f  t h e  
a qu i f e r  i s  t r e a t e d i n  a l a t e r  c h a p t e r . 
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Fi g .  1 5 . Magne t i c p ro f i l e  0-0 ' ( l oca t i on s h own i n  Fi g . l l )  
a c ro s s  a n  anoma l y  n o r th o f  D a h a r i z .  A th i n  p l a te o f  
fi n i te w i d th i s  s h own t o  exp l a i n  the ob s e rved mag n e ti c 
cu rve . C ompu ted magne ti c s  a re made u s i n g  a p r o g r am 
wri t te n  for the po rpo s e  ( Kh a t tab 1 9 9 4 , Pe r s on a l  
Commu n i ca ti o n ) 
SE I SM I C  RE FLE C TI ON DATA 
R e f l e c t i o n  l i n e s  ( F i g . 1 6 )  PAWR- 0 4 , PAW R - 1 2 , PAW R - I B ,  
PAW R - I A , PAWR- O J , PAWR - 0 5 , PAWR- I C ,  PAWR- 1 4 , a n d  PAWR - 2 4 , 
w e r e  
1 9 8 4  
p i ck e d  a n d  
i n  t h e  
i n t e r p r e t ed . Th e s e  l i n e s  w e r e  s h o t  d u r i ng 
S a l a l a h  P l a i n  by G e o p hy s i c a l  S e r v i c e  
I n c o r p o r a t i o n  f r om t h e  Pu b l i c  Aut hor i ty f o r  W a t e r  R e s o u r c e s . 
The s e i sm i c  s o u r c e  u s e d  wa s V i br o s e i s . The n umber o f  s e i sm i c 
g r o u p s  i s  4 8 . The r e c or d i n g i n s t rume n t  i s  D F S - V / FT- l .  Th e 
c o v e r a g e  ma i n t a i n e d  i s  2 4  f o l d . The s h o t  i n t e r va l i s  1 0  m .  
The s a mp l i ng r a t e  i s  1 . 0  m i l l i s econd . The r e c o rd l e ngth i s  
2 . 0 s e c o n d s . The d a tum p l a n e  i s  s e a  l e ve l . F i g . 1 6 s h ow s  the 
l oc a t i o n  o f  the s e i sm i c  l i n e s  w i t h r e s p e c t  t o  t h e  p r i n c i pa l  
f a c t s  i n  t h e  S a l a l a h P l a i n . 
N o  r e p o r t  
a v a i l a b l e . A l s o , 
o n  t h e  a bo v e  s t a ted s e i s m i c  s u r v e y  i s  made 
no v e l o c i t y s u rvey f r om any of the d r i l led 
we l l s  i n  t h e  S a l a l a h  P l a i n i s  a va i l a b l e . 
C o n s e q u e n t l y , n o  va l u e s  f or e i t he r  t h e  i n t e rva l o r  
a v e r a g e  v e l o c i t i e s  i n  t h e  s tud i ed a r e a  a r e  a va i l a b l e . F o r  
t h i s  r e a s o n  e s t i ma t e s  t o  d e p t h  o f  t h e  mapped h o r i z o n s  a r e  
o n l y  a p p r o x i m a t e . 
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T h e  s t ru c t u ra l i nt e r p re t a t i o n  
ca r r i ed o u t  i n  u n i t s  o f  two-way 
in the S ? l a l a h  P l a i n  i s  
r e f l e c t i o n t i me a n d  2 
i s o c h r o n  ma p s  a r e  p r e s e n t e d : 
1 )  A p h on t omed h o r i z on ( h o r i z on A )  n e a r  t h e  ma i n  a q u i f e r  i n  
t h e  S a l a l a h  P l a i n , name l y , t h e  Taqah l im e s t o n e  ( l o c a t e d  
bet�e e n  t h e  u pp e r  O l i g o c e n e  a n d  l ow e r  M i o c e n e ; F i g . 1 7 . 
i l l u s t r a t e s  t h e  t i m e  m a p  o f  t h i s  h or i z o n . 
Th e qua l i t y  o f  r e f l e c t i o n s  va r i ed f r om p08r t o  med i um 
f r om t h e  i n t e r f a c e  r e p r e s e n t i ng t h e  aqu i f e r . Th i s  q u a l i t y  i s  
b e t t e r  i n  t h e  d e e p e r  h o r i z o n s . 
2 )  A 
a t t a i n s  
P l a i n . 
s e i sm i c  h o r i z on ( H o r i z o n B )  i s  p i ck e d . Th i s  h o r i z o n  
a m i n imum t i m e  va l u e ( TWT ) O f  6 0 0  m s e c  i n  t h e  S a l a l a h  
A s  t h e  d e e p e s t  w a t e r  w e l l  i n  t h e  a r e a  d i d  n o t  reach 
more t h a n  1 2 0  m b e l ow g r o u n d  e l e vat i o n , t h e r e  is  n o  v e l oc i t y 
i n f o r ma t i o n  t o  s u c h  t i me va l u e . Howev e r , a n  a v e r a g e  v e l oc i ty 
va l u e  of 4 5 0 0  m l s  ( N e t t l e t o n , 1 9 7 6 ,  F i g . 8 - 9 ) wh i c h  c o r r e sponds 
t o  an a p p r o x i m a t e  depth va l u e  of 1 4 0 0  m be l ow s u r f a c e  
e l e v a t i o n ( 2 0 m )  . 
I t  i s  i n t e r e s t i ng t o  n o t e  t h e  s i m i l a r i t y i n  t h e  p a t t e r n  
o f  t h e  t im e  a n oma l i e s  o n  b o t h  H o r i z o n  A a nd H o r i z o n B 
( F i g s . 1 7  
h o r i z o n s  
n o r t hwe s t . 
a nd 
i s  
1 8 ) . The 
ova l - s h a p e  
s h a p e  o f  t h e  t i m e  a n oma l i e s  o n  both 
w i t h  a x i s  r o ugh l y  o r i e n t e d  to the 
4 8  

A d e e p  g r a d i e n t  i s  n o t e d  n e a r  t h e  n o r t h e r n  l i m i t  o f  the 
t im e  a n oma l i e s  wh i c h  is rough l y  l o c a t e d  a bout UTM 1 8 9 0 0 0  N 
wh i ch m a y  d e p i c t t h e  t ra c e  o f  a ma j o r f a u l t . 
Th e i nd i c a t e d  t i m e  d e p r e s s i on wh i ch 1S s u b s c r i b e d  by a 
l ow o f  6 2 0  m s e c  o n  H or i z o n B a n d  a l ow o f  3 4 0  m s e c  o n  
H or i z o n  A i s  he r e i n  d e n o t e d  I I  S a l a l a h  D e p r e s s i o n  I I  
T h e  i nd i c a t e d  S a l a l a h  Dep r e s s i o n I I  i s  du p l i c a t e d  o n  
t h e  Bouguer g r a v i t y a n oma l y  m a p  o f  S a l a l a h  P l a i n  ( F i g . 7 ) . A 
prom i n e n t  g r a v i ty l ow w i t h a m i n imum c o n t o u r  va l u e  o f  - 9 7 . 5  
mga l d up l i c a t e s  t h e  S a l a l a h  t i me a n oma l y . N o t  o n l y  t h i s , but 
the t r e n d  a nd t h e  ma i n  f e a t u r e s  of the g r a v i t y l ow r e s emb l e  
t h e  S a l a l a h  t im e  a n oma l i e s  . A l s o , a s t e e p  g r a v i t y  g r a d i e n t  
i s  n o t e d  a t  t h e  n o r t h e r n  l i m i t  o f  t h e  S a l a l a h  g r a v i ty l ow . 
Th i s  g r a d i e n t  amou n t s  t o  1 . 2  mga l j km wh i c h  i s  sugg e s t e d  t o  be 
r e l a t e d  to a f a u l t  of s i z a b l e  t h r ow . 
The i n t e r p r et a t i o n  o f  t h e  g r a v i t y pr o f i l e a c r o s s  th i s  
l ow ( s e e  t h e  s e c t i o n  o n  t h e  g r a v i ty a n d  m a g n e t i c s ) ,  showed 
t h a t  t h i s  f a u l t  e x t e n d s  to the c o n t i n e n t a l ba s em e n t  s u r f a c e . 
T h e  i n d i c a t i o n  o f  t h e  e x i s t e n c e  o f  a ma J o r f a u l t ( 
p r o b a b l y  n orma l f a u l t ) wh i c h  bo r d e r s  the n o r t h e r n  l i m i t  o f  the 
S a l a l a h  t i me d e p r e s s i o n f r om the s e i sm i c  and f r om the g r a v i ty 
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d a t a  s u g g e s t s  a r e l a t i v e l y  y o u n g  a g e  f o r  th i s  f a u l t  p r o ba b l y  
l a t e  T e r t i a r y  
Fa i r  c o r r e s p o n d e n c e  a l s o e x i s t s  betwe e n  t h e  S a l a l a h  t i me 
d e p r e s s i o n  a nd a broad m a g n e t i c  l ow at n e a r l y  the same 
g e o g r a p h i c  boun d a r i e s  wh i c h are s u bs c r i bed by the t i me 
depr e s s i o n . I t  wa s n o t e d  e a r l i e r ( i n t h e  g r a v i t y -magnet i c  
s e c t i o n  t h a t  t h e  mag n e t i c  b a s em e n t  e xh i b i t s  a moderate 
downwa r p  b e l ow t h e  s tud i e d  p o r t i o n  of t h e  S a l a l a h  P l a i n . 
Th e i n s p e c t i o n  o f  t h e  mag n e t i c  ma p o f  the S a l a l a h  P l a i n  
( F i g . l l  r e v e a l s  a b r o a d  m a g n e t� c a n oma l y . w i t h a n  a x i s  
t r e n d i n g E t o  t h e  E N E . The a X 1 S  o f  th i s  magn e t i c  l ow i s  
r e pr e s e n t e d  b y  a va l u e  o f  4 3 0  nT ( g a mma ) , wh e r e a s  both the 
nort h e r n  a n d  s o u t h e r n  bounda r i e s  of  t h e  so c a l l ed I I  S a l a l a h 
magn e t i c  l ow I I  a r e  d e v p i c t e d  by a n  a v e r a g e  v a l u e o f  3 5 0  nT . 
A s  s h own i n  t h e  g r a v i ty -ma g n e t i c  s e c t i on , t h e  S a l a l a h  
l ow w a s  i n t e r p r e t e d  a s  c a u s e d  l a rg e l y  b y  va r i a t i o n i n  the 
a l t i t u d e  of the magn e t i c  ba s em e n t . A l s o  a r e l a t i v e l y  s t e e p  
mag n e t i c  g r a d i e n t  i s  coord i na t e d  t o  d e l i n e a t e  a d e pr e s s i o n i n  
both t h e  s e d i m e n t a r y  c o v e r  a n d  i n  t h e  b a s em e n t  i t s e l f . Th e 
t h r e e  p i e c e s  o f  g e ophys i c a l m e t hod s n a me l y  t h e  s e i sm i c  
r e f l e c t i o n , t h e  g r a v i ty , a n d  t h e  m a g n e t i c  o n e s  were 
f ru i t f u l l y  cord i n a t e d  t o  a d e p r e s s i o n  in both t h e  s e d i m entary 
c o v e r  and t h e  ba s em e n t  i t s e l f . 
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I NT E RPRE TAT I ON OF T H E  AQU I FE R  I S OCHRON MAP 
F i g . 1 7 . i s  t h e  two-way t i me map o f  a ph a n t omed h o r i z o n  
n e a r  t h e  ma i n  a q u i f e r  i n  t h e  S a l a l a h  P l a i n . I t  i s  b e l i eved 
t h a t  t h e  i nd i c a t e d  hor i z o n  is  a i n t e r f a � e  wh i c h  i s  l oc a t e d  
s omewh e r e  betw e e n  t h e  upper O l i g o c e n e  a n d  l ow e r  M i o c e n e . 
The i s o c h r o n  map s h o w s  t w o  s e i sm i c  l ow s  o f  a n  
a p p r o x i ma t e  
a r e  r o ug h l y  
NW - S E  o r i n t a t i o n . The a x e s  o f  t h e s e  d e p r e s s i o n s  
p a r a l l e l  t o  t h e  ma i n  t r e n d s  o f  the wad i e s  wh i ch 
J a ba l � a r a  ( F i g . 1 7 ) . The w e s t e r l y - l o c a t e d  d r a i n  f r om 
depre s � i o n h a s  a m i n i mum two-way t i me va l u e  o f  1 7 0  m s e c . Th i s  
s e i sm i c  1m·, i s  d e n o t e d  t h e  " D a h a r  i z  Low " . The e a s t e r l y ­
l o c a t e d  s e i sm i c  l ow p o s s e s s e s  a m i n i mum t i me va l u e  o f  1 6 0  
m s e c . Th i s  1m·, i s  d e n ot e d " A r z a t  Lmv " .  
B o t h  s e i s m i c  l ow s  a r e  s h own i n t e r r upted by n orma l 
f a u l t s . Th e s e  n o rma l f a u l t s  a r e  p r o ba b l y  con s t i tu t i ng a n  
e che l o n p a t t e r n . Th e i r  o r i e n t a t i o n  s e em t o  p a r a l l e l  t h e  c o a s t  
o f  t h e  Ar a b i a n  S e a . The t e c t o n i c  imp l i c a t i o n  ( w i t h r e s p e c t  t o  
r e g i o n a l g e o l og y ) o f  t h e s e  f a u l t s  w i l l  b e  t r e a t e d  i n  a l a t e r  
s e c t i o n . Th e s t r u c t u r a l c o n t r o l  o f  t h e  ma i n  aqu i f e r  due t o  
t h e s e  f a u l t s  w i l l  b e  d i s c u s s e d  l a t e r  o n . The i s o c h r o n  map o f  
th i s  a qu i f e r  a l s o  s h ows t h e  l o c a t i o n o f  s e v e r a l w a t e r  we l l s . 
The S a l a l a h  Dep r e s s i o n s e e  g r a v i t y a n d  m a g n e t i c  s e c t i o n  i s  
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s ugge s t e d  t o  c o n s t i t u t e  a f a vo u r a b l e  s i t e  f o r  the a c cmu l a t i o n  
o f  g r o u n d  w a t e r . 
I N TE RPRE TAT I ON O F  HORI ZON B 
F i g . I S i s  a n  l s och ro n  map o n  a good re f l e c t o r  deno ted a s  
H o r i z on B .  Th l S  map reve a l s  a ma j o r depre s s i o n o f  a n  E -W a x i s . 
An a l ogy e X l s t s be twe e n  thi s con f i gu ra t i o n  a n d  bo th the time 
map o f  H o r l z o n  A a n d  the g ra v l ty a n d  ma gn e t l c l ow s  ove r the 
s ame a re a . 
T h e  deepe s t  va l u e  o f  6 2 0 m s e c  may c o r r e spond to a depth 
o f  abo u t  6 0 0  m ( be l ow s e a  l eve l ) by a s s umi n g  a n  average 
ve l o cl ty va l u e  of 4 5 0 0  m/s whi ch may po s l t i o n  th i s  h o r i z o n  
n e a r  t h e  b a s e  o f  Te r t i a ry . 
Subdi vl s l on o f  the b r o a d  l ow i n to two s epa r a t e · l ow s  i s  
po s l b l e  Wh l Ch wou l d  g i ve r i s e  to two an a l ogou s l ows 
c o r re s pondl n g  to t h e  D a h a rl z and Ar z a t  l ow s  o n  H o r i z o n  A .  
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Re s i s tivity Survey I n  The Sa l a l ah Pl ain 
S u r f a c e  r e s i s t i v i t y  s u r v e y  w a s  c a r r i ed o u t  I n  the 
S a l a l a h  P l a i n  ( Ta y l o r , 1 9 7 9 )  u s i ng Sch l um b e r g e r  con f i g u r a t i on 
w i th ma x imum e l e c t r o d e  s e p a r a t i o n  o f  2 4 0  m .  
ve r t i c a l p r o f i l e s  w e r e  t a k e n  t o  m e a s u r e  the d i s t r i bu t i o n  
o f  e a r t h  r es i s t i v i t y . I n  u s i ng t h e  S c h l um b e r g e r  met hod , the 
copper s u l ph a t e  s o l u t i o n  p o t e n t i a l e l e c t r od e s  are p l a c ed 2 m 
a p a r t  a n d  t �o o t h e r  m e t a l l i c c u r r e n t  e l e c t r o d e s  a r e  
progr e s s i v e l y  moved a w a y  f r om t h e  f i x ed c e n t e r a l p o i n t  between 
t h e  p o t e n t i a l  e l e c t rod e s . 
P l ot s  w e r e  m a d e  t o  s h ow t h e  a ppa r e n t  r e s i s t i v i t y  curve 
aga i n s t  h a l f  c u r r e n t  e l e c t r o d e  sepa r a t i o n  . comp u t e d  curves 
for the S c h l umbe r g e r  c o n f i gu r a t i on ( O r e l l a n a  and Mooney , 
1 9 6 6 ) , w e r e  u t i l i s e d  t o  d e t e rm i n e  t r u e  l a y e r  r e s i s t i v i ty a n d  
t h i c k n e s s e s . 
Un f o t u n a t e l y , g o o d  c o nt r o l  f o r  t h e  s u r f a c e  r e s i s t i v i t y  
r e s u l t s  wa s m i s s i n g f o r  t h e  f o l l ow i ng r e a s o n s : 
1 )  A b s e n c e  o f  h o r i z on t a l l a y e r i ng ( s e e  s e i sm i c  r e s u l t s  and 
d r i l l i ng r e s u l t s  ( F i g s . 1 7 a n d  1 8 ) . 2 )  I s o t rop i c  r e s i s t i v i ty 
d i s t r i bu t i o n  w i t h i n  t h e  l a y e r s  
F i g . 4 )  
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( s e e  g e o l ogy o f  t h e  a r ea , 
3 )  S p a r s e  boreh o l e  d a t a . The c ompu t e d  d e p t h s  t o  t h e  w a t e r  
t a b l e  r a n g ed f r om 2 0  m t o  4 2  m i n  t h e  a r e a  o f  f a vour a b l e  
a qu i f e r  c o n d i t i o n s  ( Ta y l o r  , 1 9 7 9  ) .  
G e n e r a l l y ,  
i nd i c a t i o n : 
r e s i s t i v i t y r e s u l t s  g a v e  t h e  f o l l ow i n g 
1 )  The e a s t e r n  p a r t  o f  the S a l a l a h P l a i n  m i g h t  be u n d e r l a i n  by 
poor aqu i f e r  c o n d i t i o n s  wh i c h may be d u e  to t h e  p r e s e n c e  o f  
s i l t  a n d  c l ay a n d  / o r  sa l i n e  w a t e r  t a b l e . 2 )  Mod e r a t e  aqu i f e r  
c ond i t i o n s  l n  g r a ve l , c o n g l om e r a t e  a nd l i m e s t o n e  c o n d i t i o n s  
m a y  e x i s t  i n  t h e  c e n t r a l a n d  n o r t h we s t e r n  p a r t s  o f  t h e  S a l a l a h  
P l a i n . 3 )  Wad i J a r � i s  a nd t h e  m i d - w e s t e r n  p a r t  o f  S a l a l a h  
P l a i n  m a y  p o s s e s s  g o o d  qua l i t y  w a t e r  c o n d i t i o n s . 
B o r eh o l e  S i ng l e  P o i n t  Re s i s t i v i ty L o g s  
l o g s  
F i g . 1 9 . 
a t r. e  
S h ows a s u i t e  o f  s i n g l e  p o i n t  r e s i s t i v i t y  
f o l l ow i n g  we l l s : T P 2 , T P l , T P 8 , T P 1 0 ,  T P 7 , 
� P 9 ,  T P � B ,  7 P 5 , a n d  � P 6 . T t e  l o c a t i o n o f  t h e s e  wa t e r  we l l s  
i s  s h own i n  F i g . 1 7 . At h e  e x t r e me r i g h t - h a n d  s i d e  o f  t h i s  
� i gu r e , h e  g e o l o g i c  c o l umn down t o  1 0 0  m dep t h  i s  s h own . 
T h e  a r r ows a t  e a ch b o r e h o l e  i n d i c a t e  t h e  a c t u a l d ep t h s  o f  
t h e  a qu i f e r  wh i ch i s  l o c a t e d  i n  t h e  p e rm e a b l e  i n t e rv a l s  o f  
T a q a h  l ime s t on e s . 
T h e  s i n g l e  p o i n t r e s i s t i v i t y  va l u e s  a p p e a r  t o  ch a n g e  
a c r o s s t h e  i n d i c a t e d wa t e r  we l l s . As i n  t h i s  f i g u r e , T P 2  
5 4  

p o s s e s s e s  a r e s i s t i v i t y  v a l u e  n e a r e o  .0 M wh i ch s u g g e s t s  
a s a l i n e  z o n e  a t  2 0  m . T P l  s h ows a r e s i s t i v i t y  va l u e o f  6 0  
.om wh i ch a l s o  i n d i c a t e s  s i m i l a r  con d i t i on s  l i k e T P 2 . The 
r e s i s t i v i t �·  s e ems to r i s e  t owa r d s  the e a s t e r n  p a r t  of t h e  
S a l a l a h  P l a i n . 
T h e  we l l  T P S  i n d i c a t e s  a h i g h  r e s i s t i v i t y  p e a k va l u e  
� e a r  2 0 0  n� a t  t h e  wa � e r  t a b l e  ( 1 3  m )  wh i ch r e f l e c t s  a 
: o �e r s a l l n l � Y  a n  l �p r ov eme n �  I n  t h e  g r o u n d  wa t e r  
p o  a b i l i ": y . F'J r t h e r  e a  s t ,  � h e  r e s i  s t  i v i  t y  a t � h e  a qu i  f e r  
( 1 6  m )  I � c r e a s e s  wh i c h r e c o r d s  a v a l u e  n e a r 1 5 0  .om 
a � T P I J ( l  7 In ) . .l\ t T P 7 ,  a t  r e s  i s t i v i t  Y v a l u e 0 f 1 2  0 .om I S  
r e c o r d e d . E a s t wa r d f r om T P 7 , � h e  r e s i s t i v i t y  i s  f o u n d  t o  
e c r e a s e  Fr i c!: r e : l e c c s  a n  I n c r e a s e  i n  t h e  s a l i n i t y  
o�a r d s  t � e  e a s t e r �  D a r t  o f  t h e  S a l a l a h P l a i n . A t  T 2 4 B ,  
a l o� v a l u e  c f  6 0  .o� i s  f o u n d  a t  � h e  a qu i f e r  l ev e l ( 1 2 m )  . 
�t T P 5 f a r e s i s "( i v i t y  v a l u e  o f  1 1 0 .om i s  f o u n d  a -c  t h e  
wa � e r  l e v e l o f  1 9  m . Jo r e s i t i v i t y  v a l u e s  a r e r e c o r d e d  a t  
t h e  a qu i f e r  l e v e l a -c  T 2 6 . 
I n  g e n e r a l , t h e  p o t a b i l i t y  o f  t h e  g r o u n d  wa t e r  ( a s  
i n d i c a -c e d  b y  t h e  s i � g l e  p o i n t  r e s i s t i v i t y  v a l u e s ) i s  
a t t a i n e d  i n  t h e  c e n t r a l p a r t  o f  t h e  S a l a l a h  P l a i n . As 
s h own on "( h e  i s o c h r o n  m a p  ( F i g . 1 7 ) o n  t h e  a qu i f e r  
( H o r i z on A )  "( h e  a x i s  o f  Da h a r i �  s e i s m i c  t r ou g h  c o i n c i d e s  
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w i t h  d i m i n i s h e  s i n g l e  p o i n t  r e s i s t i v i t y  v a l u e  a s  
r e ve a l e d  f r om t h e  b o r e h o l e  l o g s  o f  F i g . 1 9 . 
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GE OPHYS ICAL RE SULTS AND A LAND 
USE OVE RV IEW IN THE SALALAH PLAIN 
T h e  sugg e s t ed s i m i l a r i t y  o f  the A r z a t  s e i sm i c  t r ough t o  
t h e  e s t a b l i s h e d  D a h a r i z  l ow ( p ota b l e  w a t e r  r e s e r v o i r )  ope n s  
hor i z o n s  f o r  a s u g g e s t e d  a r e a  wh i c h  l S  amen a b l e  f o r  
a g r i c u l t u r a l pu r p o s e s . F i g . 2 0  i s  a comp i l a t i on o f  t h e  u s a b l e  
l a nd i n  t h e  S a l a l a h  P l a i n ( P a p a doub l o s , 1 9 8 3 )  a n d  t h e  he r e i n  
sugg e s t e d  a r e a  f o r  f u t u r e  a g r i c u l t u r a l p u r p o s e s . o t h e r  a r e a s  
a r e  a l s o  show n  i n  th i s  f i g u r e . D a t a  o n  t h e  a c t u a l r a t e s  o f  
g r o u n d  w a t e r  p r o d u c t i o n  f o r  a g r i cu l t u r a l u s e s  o n  t h e  S a l a la h  
P l a i n  a r e  n o t  a va i l a b l e  . 
A c c o r d i ng t o  P a p a d ou b l o s  ( 1 9 8 3 ) , t h e  qua n t i t y o f  a pp l i e d 
i r r i g a t i o n  w a t e r  e x c e e d s  t h e  con sump t i v e u s e  by the 
cu l t i v a t e d  c r o p s . D a t a  a v a i l a b l e  t i l l  1 9 8 3 , showed t h a t  the 
c o n s u mp t i v e  use a p p r o x i ma t e l y  equa l e d  t h e  p r o d u c t i on . 
Howeve r ,  m o s t  o f  t h e  g r o u n d  w a t e r  prod u c t i o n  f o r  a g r i cu l tura l 
purpo s e s  i s  f r om w e l l s l o c a t e d  w i th i n  o r  n e a r  the cU l t i v a t ed 
a r e a s  ( F i g . 2 0 ) .  T h e  i n d i c a t e d  A r z a t  s e l sm l C  t r ough i s  s e e n  
devo i d  o f  p r o d u c t i v e  w a t e r  w e l l s . 
A c c o r d i ng t o  P a p a d ou b l o s  ( 1 9 8 3 ) , t h e  r a t e  o f  t h e  1 9 8 2  
agr i cu l tu r a l w i t h d r aw a l s  w i t h i n  t h e  S a l a l a h  P l a i n wa s 
e s t i m a t e d  t o  t h e  1 6 . 2  Mm 3 / y r . Th i s  e s t i m a t e  w a s  b a s e d  o n  
d e t e rm i n a t i o n  o f  cu l t i v a t e d  a c r e a g e  f r om a e r i a l  photographs 
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r 
a nd o n  approx i m a t e  con sump t i v e  u s e  f a c t o r s  ( P a p a d o u b l o s , 
1 9 8 3 )  . 
The s t r u c t u r a l c o nt r o l  ( F i g . 2 1 )  o f  t h e  ma i n  S a l a l a h  
Aqu i f e r  brou j h t  . u p  b y  t h e  g e ophy s i c a l r e s u l t s  i n c i d e n t  t o  
th i s  i nv e s t i g a t i o n shou l d  a d d  up i n f o rm a t i o n f o r  t h e  f u t u r e  
d e v e l opm e n t  o f  t h e  S a l a l a h  P l a i n . T h e  i nd i c a t e d  n o rma l f a u l t s  
( F i g . 2 1 )  wh i ch d i s s e c t  t h e  Dah a r i z  a n d  A r z a t  s e i sm i c  l ows 
u n d o u bt e d l y  shou l d  cont r o l  the recha r g e  a nd t h e  d i s ch a rge 
f a c t o r s  in the S a l a l a h  P l a i n . 
The p r e s e n t - d a y  c l ima t i c  c o nd i t i o n s  a t  t h e  S a l a l a h P l a i n  
i n d i c a t e s  t h a t  r e c h a r g e  f r om p r e c i p i t a t i o n d i r e c t l y  o n  the 
p l a i n  i s  n eg l i g i b l e . I t  i s  l og i c a l t o  s u gg e s t  that ru n - o f f  
f r om ma j o r s t o r m s  o n  J a ba l Q a r a  w h i c h  t y p i c a l l y o c c u r  a t  5 - 6  
y e a r  f r equency , a c c o u n t s  f o r  most o f  t h e  r ema i n i ng r e charge 
t o  t h e  aqu i f e r . A c c o r d i n g to Horn a nd Reed ( 1 9 7 9 ) , the 
e s t i m a t e d  l o ng - t e rm average recharge i s  3 0  Mm 3 / yr . 
The marked n o rma l f a u l t s  d e p i c t e d  f r om t h e  r e f l e ct i o n 
r e c o r d s  I n  t h e  S a l a l a h  P l a i n  ( s e e  i s o c h r o n  m a p  o n  the 
a qu i f e r ( F i g . 1 7 )  s h o u l d  h a v e  a c o n t r o l l i n g  f a c t o r  o n  the 
n a t u r a l f l ow i n t o  t h e  sea and i n t o  a number of Khors that 
occur a l o n g  the c o a s t  of t h e  A r a b i a n  S e a . 
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Th e bu l k  o f  g r o u n d  w a t e r  p r od u c t i o n  i n  t h e  S a l a l a h  P l a i n 
1 S  f o r  mun i c i p a l a n d  a g r i cu l tu r a l u s e s . Agr i c u l t u r a l 
p r o du c t i on a l s o  i nc l u d e s  m i no r  amou n t s  f or dome s t i c  u s e  i n  
f a r� s  a nd c u l t i v a t ed a r e a s . 
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STRUC TURAL CONTROL OF THE SALALAH 
AQUI F E R  E V I DENCE D FROM GE O PHYSICAL 
DATA 
Th e g e ophy s i c a l d a t a  i n c i d e n t  to th i s  study c o n t r i bu t ed 
d i f f e r e n t l y  towa r d  a r e s o l u t i o n  o f  t h e  s t r u c t u r a l e l ements 
wh i c h  m a y  con t r o l  the g e o l og y  of t h e  sha l l ow s e c t i o n  wh i c h  
c o nt a i n  t h e  ma i n  aqu i f e r  i n  t h e  Sa l a l a h  P l a i n . ( F i g . 2 1 )  i s  a 
comp i l a t i o n  o f  l i n eame n t s  wh i ch a r e  d e d u c e d  f rom e a c h  
geophy s i c a l s e t  o f  d a t a . I n  t h i s  r e s p e c t , t h e  word l i n e ame n t  
mea n s  a g r a p h i c  r ep r e s e n t a t i o n  o f  t h e  a t t i tu d e  ( s p a t i a l 
d i s t r i bu t i o n a nd / o r a z imuth ) o f  g e ophys i c a l a n oma l i e s . 
B o t h  g r a v i ty a n d  m a g n e t i c  d a t a  r eve a l ed a b r o a d  l ow o f  
s e ve r a l k i l om e t e r s  r e l i e f . Th e a x i s  o f  t h e  l ow i s  s h own t o  
r u n  i n  a n  a p pr o x i m a t e  E-W d i r e c t i o n  wh i c h  i s  rough l y  p a r a l l e l  
t o  t h e  A r a b i a n  S e a  c o a s t  l i n e . The i n t e r p r e t i ve g r a v i ty and 
ma g n e t i c  p r o f i l e 8 - 8 ' ( F i g . 1 2 )  wh i c h runs f o r  a d i s t a n c e  of 
over 2 1  Km f rom the A r a b i a n  Sea t o  the foot h i l l s of Jabe l 
Q a r a  s h ow s  g r a n i t i c  baseme n t  d e p r e s s i o n  o f  3 km magn i t u d e . 
I t  i s  be l i e ved t h a t  th i s  b a s em e n t  d e p r e s s i o n  wh i c h  
u n d e r l i e s  t h e  S a l a l a h  P l a i n  i s  f a u l t  c o n t r o l l ed . The i n t e n s e  
g r a v i ty g r a d i e n t  wh i ch bo r d e r s  J a ba l Q a r a  t o  t h e  s o u t h  m a y  be 
r e l a t e d  to a s o r t  of n o rma l f a u l t i ng in th i s  a r ea . 
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A l s o , the mag n e t i c  r e l i e f  o b s e r ved a l ong L - L I p r o f i l e  i s  
f o u n d  t o  b e  r e l a t e d  t o  a m o r e  ma f i c v o l c a n i c  a c cumu l a t i o n  
wh i c h  i s  p i l e d  u p  o v e r  t h e  g r a n i t i c  b a s e m e n t . 
A c c ord i n g  t o  P l a t e l  a n d  Rog e r  ( 1 9 8 9 ) , Dho f a r  ( S a l a l a h  
P l a i n  i s  p a r t  o f  wh a t  comp r i s e s  two l a r g e  s t ru c t u r a l d oma i n s : 
1 )  A b r o a d  m o n o c l i n a l  p l a t e a u  t i l t e d  t o  t h e  n o r t h , wh i ch 
e x t e n d s  back f r om J a ba l s  A l  Q a r a , a nd Samh a n  , a nd i nv o l ve s  
l a r g e  g r a b e n s  t o  t h e  s o u t h , a nd 2 )  A c o a s t a l comp l e x  be l t  
wh i ch 1S o n l y  2 0  Km w i d e , a n d  t r a v e r s e d  b y  n o rma l f a u l t s  
r e l a t e d  t o  t h e  e p i s o d e s  o f  e x t e n s i o n  wh i ch o c c u r r e d  dur i n g 
r i f t i ng o f  t h e  Gu l f  o f  Aden . 
Th e i n t e n s e  g r a v i t y gr a d i e n t  wh i ch spa n s  t h e  l e ngth o f  
the E - \v S a l a l a h  P l a i n  m a y  c o n s t i tu t e  a n  e x t e n s i o n  o f  the 
norma l f a u l t  p r o p o s e d  by P l a t e l a nd Ro g e r  ( 1 9 8 9 )  t o  mark the 
A s hwaq G r a be n . 
M a g n et i c  d a t a  showed m i n o r  e x t r u s i v e  bod i e s  a t  d epth . 
Th e i n t e r p r e t a t i o n o f  a m a g n e t i c  pr o f i l e s  M - M I , N - N I , a n d  Q ­
Q I  ( F i g s . 1 3 ,  1 4 , a n d  1 5  sugge s t e d  r e l a t i v e l y  s h a l l ow magn e t i c  
d i k e s  a nd s i l l s  vJ i th d epth s r a n g i ng f r om 1 . 7  t o  2 . 5  K m  be l ow 
s e a  l ev e l . Th e s e  i g n e ou s bod i e s  a r e  p r o ba b l y  r e l a t e d  t o  the 
occu r r e n c e  of  t e n s i l e forces in  t h e  S a l a l a h  P l a i n . Th e 
g e o l og i c a l  map o f  S a l a l a h  P l a i n ( F i g . 4 ) shows s ev e r a l E-W 
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t r e n d i ng n o rma l f a u l t s  wh i ch a r e  r e l a t e d  t o  t h e  deve l opme n t  
o f  t h e  G u l f  o f  Ad e n  . 
T h e  s e i sm i c  h o r i z o n  n e a r  t h e  c r e a m  g r a n u l a r  l i m e s t o n e  
wh i ch 1 S  t h e  ma i n  aqu i f e r  i n  t h e  S a l a l a h  P l a i n  ( F i g . 1 8 )  s e em 
to be s t r u c t u r a l l y c o n t r o l l e d .  The i s o c h r o n  map sugg e s t s  two 
l oc a l l ow s  o f  n e a r l y  t h e  s ame t r e nd . The a x i s  h a v e  a WNW 
d i r e c t i o n  The w e s t e r l y  c l o su r e  ( Dah a r i z  Low ) p o s s e s s e s  a 
m i n i mu m  va l u e  o f  1 7 0  m s e c . The e a s t e r l y  c l o s u r e  Ar z a t  Low h a s  
a m i n i m a l c o n t o u r  va l u e  o f  1 6 0  m s e c . B o t h  c l o s u r e s  s e em t o  be 
f a u l t - c o n t r o l l ed . Th e s e  f a u l t s  s e em t o  be n o rma l f a u l t s  
sug g e s t e d a s  r e l a t ed t o  t h e  ext e n s i o n a l reg i m e  wh i c h  
cha r a c t e r i z e s  t h e  c o a s t a l p r o v i n c e  i n  the Dho f a r  r e g i o n  . 
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ENV IRONME NTAL IMPAC T OF RE FLE C TION DATA 
The s e i s m i c  r e f l ec t i on map ( F i g . 1 7 )  o n  t h e  ph a nt omed 
hor i z on n e a r  t h e  ma i n  S a l a l a h  a qu i f e r  p r ov i d e s  an impor t a n t  
c o n t r i bu t i o n  t owa r d s  a bett e r  de f i n i t i o n  o f  the s t r u c t u r a l 
c o n f i g u r a t i o n  o f  t h e  aqu i f e r . The i nd i c a t i p n  o f  t h e  two 
s e i sm i c  t r o u g h s  a n d  the i r  r e l a t i o n  to the g r o u n d  water 
p r o d u c t i o n  we l l s in  t h e  area is  worth i nve s t i g a t i ng . 
Th e D a h a r i z  s e i sm i c  t r ough c o r r e sp o n d s  c l o s e l y  w i t h t h e  
d e e p e s t  p r oduct i o n  we l l s i n  t h e  a r e a . The d e e p e s t  p r oduct i o n 
we l l s a r e  l o c a t e d  a l onq t h e  a x i s  o f  t h e  D a h a r i z  s e i sm i c  Low . 
TP 1 0  1S 9 1  n ( be l ow g r ound ) t o  the aq u i f e r  a n d  TP 7 i s  8 1  m 
( F i g . 1 7 )  . 
T h e  i n t e r p r e t i v e  
produ c t i o n  we l l s T P 2 , 
pr o f i l e ( F i g . 2 2 )  wh i ch c o n n e c t s  the 
TP 1 ,  T P 8 , TP 1 0 , T P 7 , TP9 , TP 4  , T P S  , 
a n d  TP 6 r e l a t e s  t h e  two -way a r r i v a l  t i m e  ( t o a r e f l e c t o r  n e a r  
t h e  T a q a h  L i m e s t o n e  a n d  t o  t h e  c r e a m  g r a n u l a r  l i m e s t o n e ) to 
t h e  a ct u a l depths ( B . G . ) of t h e  aqu i f e r  a nd to t h e  s a l i n i ty 
va l u e s  ( wa t e r  q u a l i t y ) at t h e s e  w e l l s  . 
I t  i s  f ou n d  t h a t  t h e  s e i sm i c  d e p r e s s i on c o r r e l a t e s  
pos i t i v e l y  w i t h a n  a c t u a l d e pr e s s i o n  i n  t h e  O l i g o c e n e  c r e a m  
g r a n u l a r  l i m e s t o n e  a s  e v i d e n c ed f r om d r i l l i ng i n forma t i o n  
( Pa p a d ou b l o u s  1 9 8 ] )  a n d  w i th a l ow s a l i n i t y  va l u e s  
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( Pa p a d ou b l ou s , 1 9 8 3 )  . I t  i s  e v i d e n t  t h a t  t h e  opt imum w a t e r  
qua l i t y  c o i n c i d e s  w i t h  t h e  l a rg e s t  t im e  va l u e  a n d  w i t h  the 
ma x imum d e p t h  to t h e  aqu i f e r . 
I t  1 S  k n own t h a t  g r o u n d  w a t e r  q u a l i ty dep e n d s  o n  t h e  
c h em i c a l n a t u r e  o f  t h e  h o s t  r o c k  th rough wh i c h  t h e  w a t e r  
f l ow s  a n d  a l s o  d e p e n d s  on t h s s p e e d  o f  f l ow o f  g r o u n d  w a t e r . 
I t  m a y  b e  po s s i b l e  t h a t  Dah a r i z  Low ( F i g . 1 7 )  r e p r e s e n t s  a 
h i gh l y  t r a n sm i s s i ve z o n e . I f  the a x i s  o f  the d e l i n e a t ed 
s e i sm i c  t r ough w e r e  t o  r e p r e s e n t  a c o n d u i t  o f  g r o u n d  w a t e r  
�h i ch o r i g i n a t e s  f r om t h e  n o r t h e r l y - l oc a t ed G a r a  Mou nt a i n  
( r e c h a r g e  a r e a ) , t h e n  th i s  g r o u n d  w a t e r  may b e  w a s t e d  t ow a r d s  
the A r a b i a n  S e a  . 
H Oi-l e v e r , 
s e i sm i c  map . 
e c h e l o n  i-lh i ch 
a s t r u c t u r a l cont r o l  m a y  be e v i d e n t  o n  the 
Two ma j or n orma l f a u l t s  are in  t h e  f orm of an 
s e em t o  d i s r u p t  t h e  ma 1 n  aqu i f e r  and 
f o r t u n a t e l y  may b l o c k  t h e  g r ou n d  w a t e r  f l ow f r om f l ow i ng i n t o  
t h e  s e a  . 
Th e d r i l l i n g a nd samp l i ng d a t a  ( Ta y l o r 1 9 7 9 , P a p a d o u b l o s  
1 9 8 3 )  i n  t h e  S a l a l a h  P l a i n showed t h a t  the e a s t e r n  a n d  
vle s t e r n  p a r t s  o f  t h e  P l a i n  c o n t a i n  ma i n l y  brack i sh w a t er . 
H Oi.J ev e r , t h e  i s o c h r o n  m a p  n e a r  t h e  aqu i f e r  sugge s t s  t h e  
p r e s e n c e  o f  a n  a dd i t i o na l s e i sm i c  t r ough ( l a rg e s t  t i m e  va l u e  
o f  1 6 0  m s e c )  wh i c h  l i e s  t o  t h e  e a s t  o f  t h e  Dah a r i z  Low . 
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I t  1 S  l i k e l y  t h a t  t h e  e a s t e r n  s e i sm i c  l ow may b e  s i t e  o f  
f r e s h  wa t e r  r e s e rvo i r  s i m i l a r  t o  t h e  Dah a r i z  Low . 
Un f o r t u n a t e l y  d r i l l i n g  i n f o rma t i o n  i s  l a ck i ng i n  th i s  a r e a . 
A l t h ou g h  o u r  i nt e r p r e t i v e  p r o f i l e ( F i g . 2 2 )  shows t h a t  the 
sa l i n i t y  i n c r e a s e s  e a s twa r d s  f r om the a x i s  of  D a h a r i z  s e i s m i c  
d e p r e s s i on , l i t t l e  e x p l o r a t o r y  d r i l l i n g  h a s  b e e n  a t t empted a t  
t h e  e a s t  o f  t h e  a r e a s  o f  b r a ck i s h  w a t e r s . I t  h a s  n o t  been 
p o s s i b l e  t o  a s c e r t a i n  wh e t h e r  the o c c u r r e n c e  of  b r a c k i s h  
� a t e r  r e f l e c t s  a v e r y  s l ow moveme n t  o f  sma l l  q u a n t i t i e s  o f  
w a t e r  t ow a r d s  t h e  s e a , o r  w e  h a v e  a n  equa l r a t e  o f  f l ow ( a s 
i n  t h e  f r e sh w a t e r  z o n e  t ow a r d s  t h e  s e a  f r om . a  m o r e  sa l i n e 
r e c h a r g e  a r e a  ( i n z o n e s  o f  J a ba l Qa r a ) . 
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SUMMARY AND CONCLUS I ONS 
1 .  The p repa red s e l sml C i s ochron map n e a r  the ma l n  
Sa l a l a h 
t rough 
aqu i fe r  s h owed the e x i s tence of a n  add i t l on a l  
( to the a l r e a dy k n own ) , n ame l y , the Arz a t  
S e l sm i c  Low . Th i s  depre s s i on , i f  proved , through 
expe r l me n t a l  d r i l l l n g , to con ta i n  potab l e w a t e r  s h ou l d  
a dd t o  the g ro u n d  wa t e r  po te n t i a l , i n  t h e  g row i n g  
S a l a l a h P l a l n ,  a n d  add to the a c reage o f  the 
a g r l cu l t u r a l  a re a . 
2 .  T h e  Bougu e r  g ravi ty map a n a l y s i s  s h owed the 
e X l s t e n c e  o f  a re s i du a l  g ravi ty a n oma l y  o f  maxi mum 
depth n e a r  5 0 0  m probably i n d i ca t i n g an u n du l a t l on I n  
the ma l n  aqu l fe r  wh i ch l S  s u g g e s ted to be t e s ted . 
3 .  I s o ch ron map s , a n d  poten t i a l  f i e l d  maps de l i n e a ted 
s t ru c tu r a l  l i neame n t s  wh i ch may con t r o l  t h e  ma i n  
aqu i fe r  wi th p reve n t i on of g r o u n d  wa te r f l ow towa rds 
the Arab i a n  S e a . T h e  envi ronme n t a l  co n s equence of t h i s 
l S  s t r e s s e d . 
4 .  B o th the g ravi ty a n d  mag n e t i c maps s u cceeded i n  the 
rle te rm i n a t i on o f  t h e  th i ck n e s s  o f  s e d i me n t s  down t o  
the P r e - C amb r i a n  c o n t i n e n t a l  ba s eme n t . 
6 6  
5 .  T h e  i n te rpre ta t i o n  o f  the mag n e t i c map revea l ed the 
pre s e n ce o f  ep i s od e s  o f  vo l ca n i c a c t i v i ty ( b o th deep 
and s h a l l ow )  wh i ch s h ou l d  co n t r i b u t e  to be t t e r  
u nde r s t a n d i n g  o f  t h e  tec ton i c s o f  t h e  D h o fa r P rovi n c e  
a nd i t s re l a t l o n  t o  t h e  e x t e n s i o n o f  the Gu l f  o f  Ade n . 
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